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PREFACE TO THE SECOND EDITION. 



Sanitary work is, in the main, the same in rural as 
in urban districts, for, besides villages, the rural sani- 
tary districts contain many small towns ; and no line 
can be drawn through the category of nuisances which 
would wholly separate those of urban from those of 
rural districts. Nevertheless there are many things to 
be considered in the smaller towns and in villages 
which do not occur in large towns. In large towns 
some of the more common forms of nuisance have 
been got rid of, while the work to be done in those 
which remain is of greater magnitude; but in the 
smaller towns and in villages the things requiring 
attention are more numerous. 

Each kind of work to be done in these is of equal 
importance with the same kind of work in large towns, 
although, perhaps because it is of less magnitude, it is 
often considered of less importance, and is often very 
badly done. 

In the following pages I have offered no opinion upon 
what may or may not be injurious to health. My own 
remarks have reference only to those constructive works 
which the Medical Officers of Health approve as tend- 
ing to prevent illness, and these I have considered in 
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every case with due regard to economy; but the 
economy I mean lies in not doing what is not necessary, 
and not in doing a thing cheaply. It is not economy 
at all to do in a poor and slovenly manner the kind of 
work here referred to ; to use pipes, traps, or other 
appliances which are not well designed for their re- 
spective purposes, or which are not well manufactured 
and true in form; nor is it economy to employ 
workmen who do not understand the particular kind of 
work they are engaged upon. 

In this edition I have made, some remarks upon 
sewers which have reference as much to large as to 
small towns; and upon house drains which have 
reference to houses everywhere, and to mansions. 



NOTE TO THIRD EDITION. 



The present issue of this work is substantially a 
reprint of the Second Edition, with the addition of a 
reference (p. 241) to the ** Water Companies (Regula- 
tion of Powers) Act '* of 1887, and of an Appendix, in 
which is set out Part III. of the "Public Health Acts 
Amendment Act ** of 1890, relating to Sanitary Work. 

The death of the Author in Januar}% 1893, just as a 
new edition was required, has prevented the carrying 
out of any such revision as he might have been dis- 
posed to undertake. The continued success of the 
work, however, as it was last revised by him, shows 
that in that form it is found to be useful by a very 
numerous class ; and it is hoped that the additions now 
made will help to maintain and extend its u^ulness. 
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SANITARY WORK 
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PART L 

SOME OE THE MORE COMMON EOEMS OP 
NUISANCE, WITH THEIR REMEDIES. 



§ I.— PIGSTYES. 

In some parts of the country almost every house 
has its pigstye. The pig is looked upon as a kind 
of bank. It is probable that pig-keeping by work- 
men is not economical, for the meal and other 
meat required to fatten the pig takes a deal of money, 
and it would probably pay the workman better to con- 
vert the waste products of victuals into manure than to 
store them in tubs or tanks about the house to feed the 
pig with. The chief cause of the nuisance of pig- 
keeping, however, is that the floor of the uncovered 
part of the stye is too rough to be kept clean. It 
would seem as if anything were thought good enough 
to pave the floor with; boulder stones, brick clinkers, 
or anything whatever which will prevent the pig 

B 2 



4 SANITARY WORK. 

rooting into the earth, — a natural propensity of the 
pig, derived, perhaps, from his wild ancestors, who 
got their own living in that way. These rough floors, 
however, cannot be kept so as not to be a nuisance. 
Pigs, like most other animals, do not void dung on 
their own beds if reasonable provision is made for 
them to go elsewhere. When this is done, the straw 
bed of the;^pig. in the covered part of the stye is pre- 
served tolerably cleaa; but if the yard or uncovered 
part of;.tli^:^t^e.bB\i*6ughljr pitched in the manner 
above descnKeS it will hot' go out to this part unless 
the gross inequalities of the floor be covered over — 
indeed a heavy pig cannot walk over these rough 
floors. They are then littered. The litter holds to- 
gether all the dung and urine, and soon becomes a 
mass of filth ; and yet, in consequence of the rough- 
ness of the floor, it must lie there until fresh litter is 
laid down, however foul it may be. It is this reten- 
tion of filth in the open yard of a pigstye which makes 
it a nuisance near a house. As to the manure thus 
made, it is not worth while to subject the health of 
persons to injury for the sake of it. The remedy for 
all this is to pave the floor, so that the filth can be 
swept away daily into a covered cesspit adjoining the 
pigstye, and to lay a drain jfrom near the top of the 
cesspit to take away the over-flowing liquid to the 
same place — ^whether that be a sewer or an open piece 
of land — ^to which the house drainage is taken. But 
nothing can be done in this, neither in other sanitary 
requirements, without an ample supply of water. 
Another thing which makes a pigstye a nuisance where 
otherwise it might not be so^ is the feeding of pigs 
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PIGSTTES. 5 

with the offal of slaughter-houses. Butchers usually 
do a large business on small and confined premises, 
and make the most of everything to their own advan- 
tage by keeping pigs, sometimes in large numbers, to 
eat up the offal. It would be very much better, in 
every other respect than the undue advantage of the 
butcher, to convert the offal into manure. When it is 
considered that it is only in the immediate neighbour- 
hood of a considerable number of dwelling houses 
where private slaughter-houses exist, we see that 
neighbours must necessarily be subject to annoyance 
where large numbers of pigs are kept on adjoining 
premises, and especially so when these are fed, or 
partly fed, on the offal of slaughter-houses. Notwith- 
standing that it might be a harsh law which would 
prevent a labourer keeping a pig when he believes it 
to be profitable to him, providing he keep it clean, 
there are yet certain situations in which a pig ought 
not to be kept at all, viz. : — (1.) Adjoining the wall of 
a dwelling-house under a window ; for in such a situa- 
tion the window cannot be opened without admitting 
the foul emanations of the pigstye, however well it be 
kept. (2.) Immediately adjoining a public road or 
footpath. (8.) Near to a public road or footpath when 
the stye is at a lower level than it ; and the greater the 
difference of level the greater should be the horizontal 
distance of the pigstye from it. 

It is a frequent question of those who wish to con- 
form to sanitary regulations, if only they know what 
those are, at what distance from a dwelling-house they 
may keep a pig. 

This would seem to depend upon the state in which 
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it is kept. If the floor be such that the filth can be 
easily removed from it, and if a sufficient supply of 
water be at hand, we may reasonably expect that the 
stye will be kept in such a condition as not to be a 
nuisance, and it may in that case be nearer the house 
than if no care or trouble be taken about these things. 
The Medical Officers of Health may at some time agree 
to recommend a certain minimum distance which 
should be insisted upon in all cases; but until we 
know what that is, the best thing we can do is to bury 
as soon as possible all the solid and liquid filth, so as 
to prevent the formation of injurious gases, or at least 
to lessen the quantity; and for this reason the floors 
of pigstyes should be evenly laid, so that the filth may 
be swept away daily to the land, in the manner already 
mentioned. 

Asphalt is in some places used for the open yard or 
fold of a pigstye, made with gravel, sand, and the 
pitch of gas-tar. In other places cement is used, 
spread thinly over a brick floor laid upon abed of con- 
crete, and sometimes upon the concrete itself. Where 
stone flags are to be had within a reasonable distance 
they are sometimes used, and they make the best 
floor ; but a good floor may be made with bricks alone, 
if care be taken to select them square and well-burnt, 
and to bed them solidly on a foundation of concrete. 

Besides the pig and the stye, another source of 
nuisance is the swill-tub, or wash-tank. Into this are 
thrown both vegetable and animal refuse, which de- 
composes and gives off foul gases. The liberation of 
these is assisted by stirring up the contents every time 
the pig is fed. In so far as this cause of nuisance 
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contributes to the result it affords a greater reason for 
insisting upon its being a long way off tlie house than 
is afforded by the consideration we have given to the 
pigstye itself. 

There is a Utile book on " The Pig," by H. D. 
Richardson, in which he says, "I cannot too frequently 
reiterate my observations relative to the paramount 
necessity of cleanliness and dryness." The floor of 
the fold, he says, should slope towards one comer, 
and should be of flagstones or pavement, and there 
should be a drain from the lowest comer to a tank or 
small cesspit outside, and adjoining the pigstye. " The 
interior of the covered shed should be kept constantly 
littered ; and so, indeed, should the courtyard or fold, 
if the object of the keeper is to convert his straw into 
manure." (Here the author seems to speak of farmers 
or others having plenty of straw and wanting manure.) 
** If not, it should be swept and washed clean, and 
occasionally sprinkled with fresh sawdust." 

" There is no better absorbent, no cleanlier material 
than this, and it is cheaper than straw, when both have 
to be purchased, much more portable, easier obtained, 
carried, or stowed away." The object in having the 
tank, he says, is a double one, viz., " at once to keep 
the pig-fold and styes in a clean and dry state, and to 
preserve the valuable liquid manure which comes from 
the animals you keep." Again, " There are some who 
will probably inquire whether it would not rather be 
better to suffer the moisture to soak into earth or straw, 
or other substances, on the floor of the enclosure, and 
then to clear it all away periodically, than to drain off 
the liquid into a tank. For the informatioBOgf esuch 
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pei'sons, I may observe that by drawing off the liquid 
you add to the cleanliness of your swine, and therefore 
to their health and capacity for thriving ; and also that 
the collection of the liquid manure into tanks is less 
troublesome than the removal of substances saturated 
with it would be." 

The section of the Act which relates to pigstyes is 
the 91st, defining nuisances, in which a nuisance is 
" Any premises in such a state as to be either a nui- 
sance or injurious to health,** and "any animal so 
kept as to be either a nuisance or injurious to health,** 
and " any accumulation or deposit which is either a 
nuisance or injurious to health." Wherever the term " tTie 
Act ** occurs, the general Public Health Act, 1875, is meant. 

Dr. Ballard, in his first report on Effluvium nui- 
sances, dated 1882, says of pig-keeping that the fault 
appears to be that the pig is looked upon as essentially 
and naturally filthy, and is thus left to revel in the 
filth he is supposed to prefer, but to this popular pre- 
judice Dr. Ballard demurs ; the pig, he says, is not 
naturally an unclean animal. When the pig wallows 
in mire it merely follows an instinct to cleanse it$ 
skin. The mud stands to the pig in the relation of soap, 
but instead of washing it off with water he rubs it off, 
when dry, against a rough surface, and thus gets rid of 
loose hair and cutaneous scurf along with the mud. 
Cleanse his skin for him with soap and water, and he 
will rest in contentment and grow fat. Dr. Ballard 
says the flooring should be impervious to wet, which 
should be drained away by proper channels. There 
should be no wood in any part of a pig-stye, for it 
absorbs liquid filth and is a continual nuisance. 
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§ II.— SLAUGHTER-HOUSES. 

The positions of slaughter-houses in rural sanitary 
districts are generally such as to cause a nuisance. 
They are mostly behind the butchers' shops, and these 
are necessarily in the thickly populated parts of the 
district, and in these parts the ground is in most cases 
as thickly built upon, for some considerable distance 
round the slaughter-house, as it is in many large towns. 
The position behind the butcher's shop is, however, 
preferable to one which is open to the street, as some 
slaughter-houses are, and which are both slaughter- 
house and shop in one. In the case of a slaughter- 
house in the back premises of the shop (which, by the 
bye, is in most cases part of the dwelling-house) the 
objection due to its position is often doubled by its 
bad structural condition. This is wholly unnecessary 
and unwarrantable. In addition to this, notwithstand- 
ing that the spaces are so small and confined, the nui- 
sance is often increased by keeping pigs to eat up the 
offal, which is the system of disposing of it, and no 
regular means of removal are adopted for disposing of 
that which the pigs do not eat, which is thrown on to 
the manure heap, exposed to the sun and atmosphere ; 
whereas if the system were to keep no pigs on the pre- 
mises, but to remove all the offal to a field where they 
might be kept, then all the offal would be removed to- 
gether, as a rule of the business, and the premises 
would be rid of both offal and pigs. This is the practice 
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in some individual cases, and it should be enlbrced 
where necessary, in all cases, on sanitary grounds. 

This being done, nuisance arising from the struc- 
tural defects of slaughter-houses may be abated by the 
following means. The first requisite is that a suffi- 
cient quantity of water shall be close at hand. Some 
trials to ascertain the quantity required show that 
about 140 gallons of water are required on each killing 
day; it is important, therefore, that it should be "laid 
on " in pipes, for if it have to be fetched from a dis- 
tance the necessary quantity will not in general be 
used. 

The next requisite is that the floor shall be evenly 
paved, for a rough floor cannot be kept clean, and 
there is probably no spot of ground within the compass 
of the whole area of the district of a sanitary authority 
that should be so well cleansed as a slaughter-house 
floor, for the dirt it is subject to is of a kind which is 
most offensive. But an evenly paved floor and plenty 
of water must go together. Without a sufficient quan- 
tity of water to wash the dirt off an evenly paved floor, 
the beast slips upon it, and a butcher prefers a rough 
floor under those circumstances. But a rough floor 
cannot be kept so as not to be a nuisance, however 
much water may be at hand. No doubt there is some 
inconvenience to the slaughterman by reason of a cer- 
tain slipperiness of a smooth floor with blood upon it ; 
but, weighed against the sanitary benefits of a quick 
removal of aU blood and garbage, this cannot be allowed 
to be a grievance. 

Stone flags make the best floor, but grit-stone in 
any form answers the requirements. It is sufficiently 
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hard for durability, for the wear is in this case noi 
great, and it is sufficiently non-absorbent. Flags 
should be of moderate size. If they are small in area, 
the great weights that come upon them tend to cause 
an imevenness of the floor : if they are very large they 
are liable to be broken, unless they are also propor- 
tionately thick. It would seem from experience that 
the superficial area of any one flag should not exceed 
one square foot for every half inch of its thickness. A 
firm foundation is necessary, whatever be the material 
of the floor, but the smaller the individual pieces com- 
posing the floor the stronger ought the foundation to 
be. A bed of concrete twelve inches in thickness will 
probably be sufficient for any situation, and if the floor 
be of good stone flags a bed of concrete eight inches in 
thickness will be sufficient. The concrete should be 
made with hydraulic lime, or with cement. The com- 
mon fat limes are not good for foundations. 

The edges of the flags should be squared down to 
a depth of at least two inches, and great care should 
be taken to make the joints perfectly close with cement, 
otherwise the infiltration of blood and filth will be a 
constant source of nuisance. A level floor is better 
than one laid sloping towards the drain, for the removal 
of the filth by means of water depends in this case 
^^hoUy upon manual labour, and not upon natural 
drainage ; and a level floor is less slippery. 

The drain from the slaughter-house should have as 
much fall as the outlet wiU admit of, and should be of 
socket-pipes six inches diameter, closely jointed. 

The height of a slaughter-house is required by the 
bye-laws in some districts to be not less than nine feet 
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from the floor to the wall-j)late of the roof, or, where 
there is a room over it, not less than eleven feet to the 
ceiling ; and that there shall be means of light and 
ventilation to the extent of at least twenty square feet ; 
also that the lowest part of any opening in the walls 
shall be at a height from the ground of not less than 
six feet ; that the cleansing of the floor shall be done 
within three hours of the time of slaughtering ; that the 
walls shall be thoroughly whitewashed with quicklime 
fom' times in a year, viz., in January, April, July, and 
October ; but in other places the bye-laws require that 
this shall be done twice a year, viz., in March and 
September, and perhaps this may be as far as bye-laws 
ought to go, for laws must be absolute, and apply to all 
cases. And in r«=».spect of the area of the openings for 
ventilation, stated above to be twenty square feet, that 
would seem to be very desirable, for the great amount 
of vapours arising from the slaughtering and dressing 
ought to be allowed to escape into the atmosphere as 
quickly as possible. 

Hides and skins should be removed within two days 
of the time of killing. 

Section 169 of the Act* directs that, for the purpose 
of enabling any urban authority to regulate slaughter- 
houses, the provisions of the Towns Improvement 
Clauses Act, 1847, with respect to slaughter-houses, 
shall be incorporated with this Act. 

Dr. Ballard, in the report previously mentioned, 

says of slaughter-houses that the lair or pound into 

which animals are put before they are slaughtered 

should be inspected with a view to cleanliness, every 

time the slaughter-house itself is inspected. He has 

* See also ss. 29, 30, 31, of *' Public Health Acts Amendment A^t" 
of 1890, post, p. 250. 
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found that any filthy place has been regarded as good 
enough to put animals into before slaughtering them. In 
some pounds he has seen a layer of trodden-in dimg and 
litter many inches thick upon the floor^ and the walls 
filthy, while the slaughter-house itseKhas been clean and 
limewashed. The essentials of slaughtering so as to avoid 
nuisances are scrupulous cleanliness of the slaughter- 
house and pound, of the atmosphere of both, and of all 
utensils, and the speedy removal of all filth and garbage. 
In order to ensure these results much care is re- 
quisite in respect of details of construction of the 
buildings. The slaughter-house and pound should be 
two distinct and separate buildings, or should at least 
be capable of being entirely shut off from each other. 
The walls of both should be of brick or stone, and the 
inner surface should be covered with a layer of limewash 
which can be renewed from time to time. The lower 
part of the walls to the height of 6 or 6 feet should be 
covered with smooth cement, slabs of slate, zinc sheet- 
ing, or some similarly impervious material, capable of 
being washed clean with water. There should be no 
exposed woodwork ; it should be covered with paint, 
or tar, or zinc sheeting. The flooring of the slaughter- 
house should be of uniform material, sufficiently even 
to be capable of ready and thorough cleansing with 
water and a brush, and sufficiently rough to avoid 
sUpping upon it. At the same time it should be firm, 
and incapable of giving way under the fall of heavy 
beasts, or of breaking under rough usage. Paving 
with York flagstones set with cement is generally pre- 
ferred by many slaughtermen, whose opinion is worth 
having, to any other paving of a jointed character. 
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It should be laid upon a firm foundation of 4 to 6 
inches of good concrete. But the objections to it are 
its slipperiness when blood and other matters become 
spilt upon it, a tendency of the flags to crack and 
become loose, and the frequent loosening and breaking 
away of the cement with which they are set, partly as 
the fault of the slaughtermen who use the joints of the 
flags for the support of their prytch sticks, instead of 
using the holes provided for that purpose. The best 
paving of all. Dr. Ballard says, is an even jointless 
paving, sufficiently hard and firm to resist rough usage, 
and sufficiently rough not to be sUppery. Such a 
pavement is furnished by some concrete and some 
asphalte composition. In seventeen slaughter-houses 
at Newcastle-on-Tynie the floors were thus laid in 1869 
and have been in use ever since. It consists of "good 
Portland cement, mixed with roughly-ground stone or 
granite, laid upon a basis of small brick bats : the whole 
thickness of the flooring being about 3 J or 4 inches." 
It is free from sUpperiness and had not cracked any- 
where. It is very readily cleaned, and is as perfect a 
flooring for a slaughter-house as could be devised. This 
flooring was laid down by Wilkinson & Co., of New- 
castle. Ordinary asphalte is unfit for use in slaughter- 
houses; it is too soft in the summer, and readily 
yields to blows or pressure. But Dr. Ballard had seen 
at West & Haye's private slaughter-house at Croydon, 
a flooring of asphalte composition which had been laid 
down by Claridge's Patent Asphalte Company, whicb 
appeals to meet all the requirements. The prytch 
holes were iron thimbles imbedded in the composition 
i^efore it hardened. 
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§ III.— PRIVIES A.ND CESSPOOLS. 

There should be a separate privy to each house. 
Sometimes we find only one to several houses. When 
this is so, its proper condition is neglected by all, and 
when complaints are made the neighbours fall to 
quarrelling, and there is a difficulty in fixing the 
blame upon the tenant of any one house. But besides 
this no feeling of decency can be maintained by any of 
them. In every privy there should be a child's seat, 
not more than 10 or 12 in. high, while the proper 
height for the other seat is 18 or 19 in. When the 
low seat is not provided children are driven to dirty 
habits. The door should not be hung so that the 
bottom of it comes close down upon the floor, but 
there should be a space of 8 or 10 in. between the 
floor and the bottom of the door, and there should be 
a hole in each wall, near the top, for ventilation. 

An open privy cesspool is in most cases a nuisance. 
The addition of small quantities of water to effete 
organic matter causes fermentation and the liberation 
of the gases of decomposition ; and therefore all such 
matter should either be washed away with plenty of 
water, or water should be wholly excluded from it. 
Either an abundance of water or none at all is alone 
safe in this case. Therefore the cover or roof should 
be made so as wholly to exclude rain-water. If the 
ground be a stiff retentive clay, this may be sufficient ; 
but in most cases the ground is more or less porous. 
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and then the water sinks into the ground and carries 
with it in solution the contaminating matter of the 
cesspool, perhaps to a weU. So that, at the best, the 
case offera but a choice of two evils ; either the water 
is evaporated, carrjdng into the air the noxious gases 
(and perhaps the germs of specific diseases), or it con- 
taminates the underground water. 

These are sufficient reasons why privy cesspools 
should be covered, but if water is to be wholly kept out 
of the cesspit it is necessary that it be prevented from 
soaking into it through the sides or bottom from the 
surrounding ground ; for the water which falls upon 
the surface and soaks into the ground is drawn towards 
the cesspool, and enters it through the sides and bottom 
unless these are water-tight. When we are about to do 
a thing — though it may be merely the making of a 
water-tight cesspit — it is better to do it thoroughly, 
than to make useless the greater part of our labour by 
witliholding the remainder. 

There are several ways of making the sides and 
bottom of a cesspit water-tight. In the case of a new 
construction the ground may be got out a foot wider 
each way than the outside dimensions of the walls, 
and 6 in. deeper than the underside of the flooring, 
and this outer space may be filled with puddled clay. 
The proceeding is to select some good stiff clay and 
throw it in, and to cut, cross cut, and tread this into 
one impervious mass, with the use of a sufficient 
quantity of water only to reduce it to a uniform con- 
sistency. Care should be taken not to use too much 
water. This bottom puddle having been completed, 
the floor is to be laid and the walls carried up, first to 
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half their fall height. Then all rubbish is to be 
cleared away from the top of the puddle outside the 
walls, and the space filled in between the back of the 
walls and the sides of the hole with puddled clay, 
previously prepared. The walls should be stayed 
across from side to side to prevent bulging while the 
puddled clay is being trodden m, or rammed in. 
When the walls have been thus backed up to half 
their height the remainder of the walling is to be com- 
pleted, and, after clearing away the rubbish from the 
top of the puddle, the remainder of the puddle back- 
ing is to be completed. The walls should be built 
with hydraulic lime mortar, or with cement, and if 
sufficient eare be taken to stay the walls across from 
side to side, and to leave in the struts until the mortar 
becomes hard (on the face of the wall at least) the 
walls may be half-brick thick ; otherwise they should 
be one brick thick. 

Where good retentive clay cannot easily be pro- 
cured, gas tar may be had. In most places some fine 
and non-porous material may be had, such as fine 
gravel, coarse sand, or the refuse of limestone or 
other quarries. Ashes or other porous material is 
not good for the purpose. Let the material be dry, 
and pass it through a screen or riddle of half-inch 
mesh. It has been found, with quarry rubbish, that 
about three by measure of this material to one of gas 
tar makes a substance which can be handled with a 
trowel like common mortar. Having excavated the 
hole to the required dimensions, and trimmed the 
bottom level, spread this composition over the bottom 
and lay the brick floor upon it. The ground should be 
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got out an inch or two wider each way than the outside 
of the walls. Carry up the walls to half their height, 
and, having cleared away all rubbish from the face of 
the tar-composition below, fill in the space with the 
same. Complete the walling, and, again having cleared 
away all rubbish from the face of the tar-composition, 
complete the backing, taking care to unite the second 
with the first portion. It is better to make the tar- 
composition used in the bottom stiffer, and to add 
more tar for the backing of the walls. 

Old brick cesspools are often larger than is neces- 
sary. In these cases the dimensions may be sufl&cient 
to allow of a half-brick lining. If so, lay the floor in 
the manner above described, and carry up a half-brick 
wall aU round at a distance of an inch from the old walls, 
and fill in the space with the liquid tar composition in 
the manner described. 

There are two ways of covering the cesspit so as 
to exclude rain-water — closely and openly. The open 
method is the better. It then takes the form of a 
roof, raised above the ground on posts at the angles, 
the sides being open. The roof should project suffi- 
ciently far over the sides of the pit to prevent the 
drifting of rain into it. The whole subject may be 
reduced to this principle, viz., keep all water out and 
let air in. 

An important principle to be observed in sanitary 
work is that all effete organic matter should be ex- 
posed to the action of earth or of atmospheric air, or 
of both, as fully and as quickly as possible after 
it has been thrown off, in order that it may become 
changed into harmless substances, and, for harm. 
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virtually destroyed. Unless, then, an absorbent like 
dry earth or the fine ash of house-fires be daily thrown 
into a covered cesspit, the cover should be so made 
that the atmosphere may have the fullest play over 
its contents. The cover should therefore be raised 
from the ground, and be, in fact, a roof, the sides 
being open, as in Figs. 1 and 2, Fig. 3 being a plan 



Fig. 1. 



Fig. 2. 
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Fig. 3. 




Scale— 1 -8th of an inch to a foot 



of the same. When, however, an absorbent, as one of 
those above stated, is added daily, the cesspit may 
be closely covered, as in Figs. 4 and 5. If the cover 
be of wood, a frame of half battens covered with inch 
boarding is sufficient, if the joints be grooved and 
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tongued. Either a part or the whole of the boarded 
cover should be hinged to the frame, so that it may 
be opened for the removal of the contents, and so 
that it may fall down again exactly to its place. Loose 
covers are seldom put back again properly. In fixing 
the cover it should be set three inches higher on one 
side than the opposite one, so that the rain-water 
may readily run off. The fi^me should be bedded 
upon the walls so closely that water cannot soak 
under it into the cesspit. The cover should be laid 
with a close joint against the privy wall, the joint 
being caulked or otherwise made water-tight. 

For durability an iron cover is preferable, if it be 
hinged or have a hinged door, but loose plates are 
seldom put back again into their proper places after 
removal for emptying, being too heavy. 

The durability of wood may be increased by paying 
it over with the oil of coal-tar pitch. After the 
naphtha has been removed from coal-tar, the pitch-oil 
is derived from the residue. Raw coal-tar may be 
used if one pint of spirits of turpentine be added to a 
gallon of tar as a drier. 

The question arises — What size should the cesspit 
be ? Before determining that, let us consider another 
important matter connected with water-tight privy 
cesspits and with ash-heaps. When the fine ash and 
cinders of a house-fire are brought out and thrown 
into a heap together they are allowed to accumulate 
because of their worthlessness for any general purpose, 
and they become a nuisance in several ways. The 
fine ash is blown about by the wind, and partly into 
the house again in many cases, and when placed 
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on or near to a roadside the dust is a nuisance to 
those who pass. The ash-heap is an inviting place 
upon which to throw the contents of chamber-pots, 
and in general it is the common place upon which 
garbage and the waste of victuals are thrown, where 
a pig is not kept, and it is thus converted into a foul 
mass. No one will readily fetch it away, for it is 
neither clean and useful nor good manure. 

Now if, when the ashes of the house fires are brought 
out daily, the fine ash were screened out of the cinders 
and thrown into the privy cesspit, that part would be 
dealt with, and several important advantages would 
result, for, extraneous water having been prevented 
from entering the cesspit, the only liquid it would 
contain would be that of the excrement, and this 
would be absorbed by the fine ash and kept for manure. 
The fresh privy excrement would be covered daily 
with the fine ash. All garbage and waste of victuals 
should also be thrown into the cesspit and go to make 
manure. 

An open cesspool is economically bad, and wasteful 
of manure. The contents are reduced to a sloppy 
mess, which cannot be taken out without buckets, and 
when it is carried away without being mixed with 
ashes or other dry matter on the spot, a barrel is 
necessary for the purpose ; and when it has been thus 
obtained, at considerable cost of removal, it is hardly 
worth fetching away, because of the labour of mixing 
with other substances before it can be applied to the 
land. When, as is the more general custom, the 
liquid contents of the cesspool are removed together 
with the ash-heap, or part of it — that is to say, as much 
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as the fanner requires for the removal of the hquid con- 
tents of the cesspool — ^the operation is noisome and 
offensive. But when the ashes are screened the fine ash 
and the privy soil together form a portable manure, in a 
state sufficiently solid to be dug out of the cesspit when 
required. Manure is required for the land chiefly 
twice a year — spring and autumn — so that in this 
respect a cesspit should be of a size which will hold 
the contents for half a year. 

The quantity of fiine ash resulting from house-fires 
varies with the quality of the coal. In some districts 
it averages f cubic foot per week from each fire, and 
as in small houses one fire only is usually burnt, this 
becomes f cubic foot per house per week in its dry 
state, or 20 cubic feet in six months. This 20 cubic 
feet will absorb 7 cubic feet of liquid, and its bulk wiD 
be reduced to three-fourths of its dry bulk, or to 16 
cubic feet per house for six months. 

I have had in use during the last two years, in the 
kitchen of the house I occupy at Madeley, one of the 
ash-screens hereinafter described, which separates 
the fine ash from the cinders, and I have repeatedly 
ascertained the quantity of water which a given quan- 
tity of the fine dry ash will absorb, and it is as above 
stated. The spaces between the bars of the grate 
through which the ash falls are three-sixteenths of an 
inch wide ; a width decided upon, after frequent trial, 
to be the best width. 

A depth of 6 or 8 in. of straw, fresh stable litter, 
sawdust, fern-brake, or other waste vegetable absorbent 
of that kind, should be put into the bottom of the 
cesspit before beginning to use it, and each time after 
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emptying it. Under certain circumstances an exces- 
sive quantity of urine is discharged into the cesspit, 
which percolates into this absorbent material, and is 
retained at the bottom, and not subject to evaporation. 

This will occupy a space of 6 or 8 cubic feet — say 8, 
making 23 cubic feet. Then the faeces, &c., will oc- 
cupy a space of 3 or four cubic feet — say 4, making 27 
cubic feet, or one cubic yard per house for six months. 

But it must be observed that the kind of coal from 
which the above-named quantity of ash results (which 
has been found by experiment) is not of average good 
quality, and probably about f cubic yard per house 
would be sufficient on the average. 

The cinders, being separated from the fine ash, are 
useful for a variety of purposes. They may be re- 
burnt, or, if not disposed of in that way, they are very 
useful for roads and footpaths. Nothing makes a 
better foundation for the metalling of a road than clean 
cinders, and across wet land nothing makes so firm and 
dry a footpath ; they bind well together, are porous, 
dry, and therefore clean, which is really a great thing 
to be desired in rural districts. The slight objection 
to the dark colour is soon gone after experience of 
the comfort of walking on such a footpath in wet 
weather, when perhaps others are almost impassable. 
But it is only by taking out the fine ash that the house 
ashes are made thus useful. If at first careless people 
should spoil their heaps of cinders by throwing on to 
them such garbage as they ought to throw into the 
privy cesspits, that will be rectified by a gradual ac- 
quisition of common sanitary knowledge ; and if this 
fail, the inspector of nuisances may with more justice 
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deal summai'ily with such persons than when no pro- 
visions are made to enable the tenants to avoid commit- 
ting nuisances ; for really at present the commission of 
nuisances is in many cases unavoidable for want of pro- 
per structural conveniences on the premises of houses. 
An extensive acquaintance with the poorest people 
shows that there is no reason to doubt the willingness 
of most of them to keep their houses and premises 
in a cleanly condition, and to observe sanitary in- 
structions, even though they may entail some extra 
trouble, provided that practical help is given to them 
to enable them to comply with those sanitary require- 
ments, and not, as it were, stand a long way oflf and 
call out to them to do this or that without making it 
possible for them to do it. It is in such cases as this 
that we hear people say, " Oh, they won't take the 
trouble to keep the place clean, do what you will for 
them.'' But that is not true, in any large sense, al- 
though it may be so under certain circumstances, as 
those, namely, where owners of houses never go near 
their tenants, but leave the collection of rents to 
agents. These common subjects of pigstyes, privies, 
cesspools, and ash-heaps, claim serious attention, for a 
Public Health Act cannot be properly carried out 
unless the work be begun at the right end, and that 
we may take to be to get people, each for himself and 
herself, to perform those common every-day functions 
of cleanliness which, when neglected, cause an ac- 
cumulation of evils almost irremovable. It is by 
dealing with these evils in detail, upon some general 
and weU-defined system, that they will come by-and-by 
to be whoUy removed. 
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As to the means by which the fine ash may be 
separated from the cinders, in a simple manner and 
inexpensively, there is a choice of two or three. 1. A 
fixed screen, as shown at A, in Figs. 4 and 5, built 
into the wall of the privy. Figs. 6, 7, 8, and 9 are 
respectively a section, an end view, a plan, and a cross 
section of the ash screen, to a scale of 1 in. to a ft. 
Here the ashes of the house-fires are brouglit out and 
thrown into the screen, and with a small rake the fine 
ash is soon separated from the cinders, and falls down 
upon the cover of the cesspit, and is pushed through 
a hole in the wall of the privy, imdemeath the screen, 
into the cesspit ; the cinders are then raked out of the 
screen into the box in which the whole had been 
brought out, and carried back to the fire, or otherwise 
disposed of. 

Fig. 4. Pig. 6. 




The cost of this screen, in the form in which I have 
had it made, is 6s., and in building a new privy it 
adds no more than that to the expense ; but in fixing 
it to an existing privy wall, the expense of cutting the 
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hole and fixing the screen is Is. 6d. more, making 
Is. 6d., fixed complete. It weighs 14 lbs. 

A fixed screen of this kind has the disadvai^fige 
that the fine ash is blown about during the process of 
carrying and screening, and to avoid that I have 
devised a hearth-box, which takes the place of the 
common grid and hole under the fire-grate. A small 
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Fig. 6. 



Fig. 7. 




Fig. 8. 



Fig. 9. 



m_ 





Scale — 1 inch to a foot, 

box or shallow tray of sheet iron is placed under the 
fire-grate, having a grid or grating attached to the top 
of it, which, when in its place, is flush witli the hearth- 
stone. The fine ash mostly falls of itself through the 
grating into the box. Whenever the hearthstone is 
swept up the remainder falls through, and the cinders 
are at once put upon the fire. This is done as often 
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in a day as a cleanly woman pleases to tidy up her 
hearthstone. 

The size is made sufficient to contain one day's fine 
ash, so that it must be removed daily. The hearth- 
box, or cinder saver, as it may be called, being taken 
to the privy, the fine ash is discharged into the cess- 
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HEARTH BOX. 



Fig. 11. 




Scale— 1 inch to a foot. 



pit, either through the privy seat or through a hole in 
the wall of the privy outside. In this way the excrc 
ment is covered daily, while at the same time the fine 
ash is got rid of, and which is useless for almost any other 
purpose, and it absorbs the liquids of the excrement, 
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and converts the whole contents of the cesspit into a 
portable manure, of some value, and which will on 
that account be the more regularly and frequently 
removed. 

This box is shown in Figs. 10, 11, 12, 13, and 14, 
and costs about Ss, 

Cutting the hole for it under the fire-grate costs 
about the same as cutting a hole in the wall of the 
privy for the fixed screen, so that (when the ash is 
discharged from the box through the privy seat) the 
whole expense is about 65. 6cZ., and when it is pre- 
ferred to cut a hole in the privy wall instead of that, 
the whole cost is about 7s, 6d. 

Fig. 10 shows a cross section of the box, shut; 
Fig. 11, the front end when open for the discharge of 
the ash ; Fig. 12 a section lengthwise, shut, and Fig. 
13 open ; Fig. 14 being a plan. 

The hearth-box is made of sheet-iron of the thick- 
ness of No. 16 wire-gauge. The bars are J in., and 
the spaces -^ in. When in its place the top of 
the grating which covers the box is flush with the 
hearthstone, and offers no obstruction to the use of 
the brush or shovel. A hole is sunk in the hearth* 
stone a little deeper than the box, and a chisel-draught 
run round the edges, to receive the flange of the box. 
The box itself is hinged to the near end of the grating 
plate, and has side flanges not quite so wide as to 
come flush with the edges of the grating plate, so that 
the grating plate can be retained by the fingers' ends 
when the flange of the box underneath is let drop for 
the purpose of shooting out the fine ash through the 
far end. The near end of the box is made sloping, so 
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that it may be more readily picked up from the hearth 
than if it had to be lifted vertically to the height of its 
own depth. On each side of the box a half-round 
chase is cut in the hearthstone, 1 in. wide and Jin. 
deep, into which the tips of two fingers of each hand 
are inserted to pick up the box. 

When it is said that six months seems to be the 
most suitable length of time upon which to calculate 
the capacity of a cesspit, that is on grounds of utility 
alone, seeing that it is twice a year when farmers 
require the manure, and therefore will readily fetch it 
if it is worth something, and so we might reckon upon 
getting the cesspits regularly emptied, at least as often 
as that, if we can convert the privy excrement into a 
portable manure. But it is, of course, a question on 
general grounds of health whether privy excrement 
should be allowed to remain on the premises of a 
dwelling house so long as that. Unless it be at least 
once a day covered with ash or dry earth, that would 
seem to be too long a time ; but it is by the Medical 
Officers that this question must be settled, and the 
general testimony seems to show that in towns the 
excrement should either be removed at once, by means 
of water-closets, or if privies continue to be used in 
towns, as often as once a week ; and this requirement 
reduces the size of the receptacle to one which can be 
easily removed, and a tub or pail is then adopted 
instead of a cesspit. But an important general ques- 
tion must be determined before it can be said which of 
these two methods — a cesspit or a pail — ^is to be pre- 
ferred in any place, rural or urban. It is whether the 
Sanitary Authority shall imdertake the removaLi^ the 
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privy excrement, or whether it shall be done by indi- 
viduals, for it is only when the work is done by the 
Sanitary Authority, under an organised system of re- 
moval, renewal, and disposal, that the paU or tub 
system can be made to work properly. 

In devising means to an end it often happens that 
the object assumes a form different &om that first con- 
ceived, although it may remain the same in principle . 
the one form growing out of the considerations given 
to the other. Thus, as soon as reason has established 
the case that there should be no open cesspools, but 
that they should be converted into water-tight cesspits, 
a little further consideration shows that, when every- 
thing is water-tight and dry, no pit at all is necessary. 
In considering how to prevent exhalations from an 
open cesspool, the first thing that occurs to one is to 
cover it ; the next to supplement the close cover with 
water-tight walls and bottom ; and, in order to absorb 
the liquid and hold it for manure, and to deodorise 
the contents of the cesspit, to throw into it dry earth ' 
or the fine ash of the house-fires. But when the con- 
tents of the cesspit are thus converted from a liquid to 
a dry mass, there appears no reason for a pit at all, and 
no reason why the dry mass should not be deposited 
on the level of the ground, so as to be easily filled into 
a barrow or cart in the usual way, and so avoid the 
useless labour of digging it out of a pit. 

All that is necessary in order to make a pit unne- 
cessary is that the floor of the privy shall be consider- 
ably higher than the level of the ground at the place 
where the manure is to be shovelled up into the barrow 
or cart, and 2 ft. would seem to be a sufficient height 
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for this. Privies are sometimes built on sloping 
ground, which gives of itself a sufficient diflference of 
level between the front and back of the privy, or nearly 
so; but on level ground one of two things is necessary 
to be done in order to do away with a pit : either to 
raise the floor 2 feet or so above the ground level and 
make an inclined walk up to it, or to make steps, say 
three of 8 in. each. 

At the back there should be a projection from the 
wall of the privy, as shown in Figs. 15 and 16, so as 



Fig. 15. 



Fig. 16. 
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to contain the same quantity as a pit should do in the 
same place, say | cubic yard for each house, and the 
floor should be made to slope downwards about 1 in 
6, as shown. A hanging door covers the hole through 
which the place is emptied. The contents being in a 
dry state, nothing exudes through the opening. 

Besides the greater facility of emptying, this plan 
has the advantage of being rather less expensive than 
the pit, and especially so on sloping ground. ^^8^^ 
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There is another method which consists in laying a 
concrete or other floor at the ground level, to receive 
the deposit, and round the edges of which on three 
sides the house ashes are arranged. The floor of the 
privy in this case is raised above the level of the 
ground — say 2 feet. The excrement and the ashes 
are mixed together when required to be removed. If 
the ashes are carefully disposed round the edges of the 
floor they absorb the excess of liquid and prevent it 
spreading over the surface of the groimd outside. This 
method, however, would seem to me to be objectionable, 
unless the floor and the space occupied by the ashes 
were roofed over. That being done it would be pre- 
ferable to a pit. Indeed any kind of pit is to be 
avoided if possible. The open pit ought not to be 
allowed under any circumstances, and, seeing the diffi- 
culty of making a pit water-tight, it is advisable to have 
none at all. But the roofing over is absolutely 
necessary. 

By section 85 of the Act every new house is to have 
a sufficient water-closet, earth-closet, or privy, and 
an ashpit furnished with proper doors and coverings ; 
and by section 36 any house without a sufficient water- 
closet, earth-closet, or privy, and an ashpit furnished 
with proper doors and coverings, is to be provided with 
these within a reasonable time to be specified in a 
notice to be given to the owner or occupier. If the 
notice is not complied with the local authority may, at 
the expiration of the time specified in the notice, do 
the work thereby required to be done, and may recover 
the expenses from the owner : or may declare the 
same to be private improvement expenses ; provided 
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that where the convenience has been and is used in 
common by the inmates of two or more houses, or if 
in the opinion of the local authority the convenience 
may be used by the inmates of more than one house, 
they need not require one to be provided for each 
house. 
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§ IV.— BAD AIR IN HOUSES. 

Those persons who go much into small houses, 
whether in town or country, find a fetid odour and a 
close and stuflfy condition of atmosphere prevalent in 
all parts of the house. This fetid odour is distinct 
from that of sewers and drains, and prevails also 
where there are none of these. It is the exhalations 
from animal bodies, human, canine, feline, and other, 
and from dirty clothes brought into the house damp, 
and there left to dry ; from dirty bed clothes, which 
have absorbed the perspiration of persons during the 
night, and give it oflf in vapour during the day ; and 
the general dust of the house. 

When we consider the chemical composition of 
atmospheric air in different places, it is surprising 
how small the difference is — in figures. Atmospheric 
air consists, in the maiu, of two gases, viz., nitrogen 
and oxygen (the nitrogen being inert and the oxygen 
the life-sustaining portion), with a small quantity of a 
third, viz., carbonic acid. Dr. Angus Smith has 
recorded, in his book on '' Air and Rain," that the 
usual amount of oxygen in the atmosphere — ^that is, 
the average analysis of the air of all places, good and 
bad— is 20-96 per cent., or 209-6 cubic feet in 1000 
cubic feet of air. The air of the seashore and the 
open heath, he says, contains 20*999 per cent, of oxy- 
gen. In a room which felt close, but not excessively 
so, the amount was found to be 20*89 per cent. In a 
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rery small room, with a petroleum lamp burning and 
a good deal of draught, the quantity of oxygen was 
20*84 per cent., and after the lamp had been burning 
for six hours it was 20"83 per cent. At the backs of 
houses in Manchester it is 20*70 per cent. In a 
crowded law court in London an analysis gave 20*65 
per cent. When a candle goes out it is 18*60 per 
cent. The worst specimen examined from a mine was 
18*27 per cent. 

No air in nature contains more than 21 per cent, of 
oxygen, and none contains much less. It is proved, 
Dr. Smith says, that badly ventilated rooms contain- 
ing less than 20*7 per cent, of oxygen are very un- 
wholesome. 

** Some people will probably inquire," he says, *' why 
we should give so much attention to such minute 
quantities, thinking these small differences can in no 
way affect us. A little more or less oxygen might not 
affect us, but supposing its place occupied by hurtful 
matter we must not look upon the amount as too 
small. The difference between 20*999 and 20*980 is 
190 in a million. In a gallon of water there are 70,000 
grains. Let us put into it an impurity at the rate of 
190 in 1,000,000; it amounts to 13*3 grains in a 
gallon. This amount would be considered enormous 
if it consisted of putrifying matter, or any organic 
matter usually found in water. But we drink only a 
comparatively small quantity of water, and the whole 
13 grains would not be swallowed in a day, whereas we 
take into our lungs from 1000 to 2000 gallons of air 
daily. 

" The detection of impurities in the air is therefore of 

d2 
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the utmost importance. We must remember also that 
the blood receives the air and such impurities as are 
not filtered out in its passage, whilst it is the stomach 
which receives the water we drink, and that organ has 
for many substances a power of disinfection and de- 
struction which the blood does not possess." 

The quantity of carbonic acid in the atmosphere is 
stated by the same authority to be as follows, at Man- 
chester : — 

In the streets in usual weather, '0403 per cent. ; 
during fogs, '0679 ; about middens, "0774 ; average of 
all the town specimens, '0442 ; where the fields begin, 
'0369 ; minimum of suburbs, '0291 ; and in close 
buildings, "1604 per cent. 

In the London parks and open places the per-cen- 
tage of volume is "0301 ; in the streets, '0380. 

On hills in Scotland, '0332 the lowest, and '0341 
the highest per-centage. 

Dr. Bemays found in a Chancery Court, with closed 
doors, at a height of 7 ft. from the floor, '193 per 
cent, at a height of 3 ft. from the floor '203 per cent, 
of carbonic acid gas. The worst specimen from a 
London theatre, at eleven o'clock at night, \?as '320 
per cent. 

Dr. George Wilson, in his " Handbook of Hygiene," 
says, '* the question resolves itself into this — What 
amount of carbonic acid shall be accepted as the 
standard of permissible maximum impurity? After 
numerous experiments and a most extended inquiry, 
Dr. Parkes has given it as his opinion that, allowing 
•4 volume as the average amount of carbonic acid in 
1000 volumes of air, this standard ought not to 
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exceed '6 per 1000 volumes, because, when this 
ratio is exceeded, the organic impurities, as a rule, 
become perceptible to the senses. With a ratio of '8, 
'9, or 1 per 1000 volumes, the air smells stufify and 
close, and beyond this it becomes foul and oflfensive." 
Dr. Wilson corroborates these remarks of Dr. Parkes 
from his experience of prisons, a class of buildings 
which afford opportunities of arriving at an approxi- 
mate and practical solution of this problem. 

Dr. Angus Smith, in " Air and Rain," says, " we 
all avoid an atmosphere containing '1 per cent of car- 
bonic acid in crowded rooms ; and the experience of 
civilised man is that it is not only odious but un- 
wholesome. When people speak of good ventilation 
they mean, without knowing it, air with less than '07 
per cent, of carbonic acid." 

Dr. Parkes gives the average amount of carbonic 
acid exhaled by an adult in the twenty-four hours as 
16 cubic feet, or a Uttle over "6 cubic feet per hour. 

Dr. Wilson points out that when lights are used, 
and the products of combustion are allowed to pass 
into a room, the supply of fresh air must be 
augmented in order to maintain the standard of 
purity. 

"It is found that 1 cubic foot of coal gas destroys 
the oxygen of 8 cubic feet of air in combustion, and 
produces about 2 cubic feet of carbonic acid, besides 
other impurities. As a common gas burner burns 
ftbout 3 cubic feet of gas per hour, the importance of 
having these deleterious products of combustion carried 
yS by special channels will be readily admitted." 

Taking '6 carbonic acid per 1000 volumes of air as 
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the standard of maximum impurity, and *6 cubic feet 
of carbonic acid exhaled per hour, and taking the 
initial carbonic acid contained in the atmosphere at 
the normal ratio of '4 per 1000 volumes, Dr. Wilson 
says, " the quantity of fresh air which should be 
supplied is found by calculation to amount to 8000 
cubic feet per head per hour, in all cases where the 
diffusion of the contained air is uniform." If, instead 
of '6, a lower standard of •?, '8, or '9 volume of 
carbonic acid per 1000 volumes of air be fixed upon, 
the amount of fresh air required would be propor- 
tionately less, of course ; — ^would be 2,000, 1,500, or 
1,200 cubic feet per head per hour. Actual experi- 
ments made at five o'clock in the morning at Alder- 
shott Camp show that in a room with a supply of 
1,200 cubic feet of fresh air per head per hour the 
carbonic acid was '856 per 1,000 volumes ; in another 
room with a supply of 1,700 cubic feet it was '759 per 
1,000 volumes ; and in a third room with a supply of 
about 765 cubic feet per head per hour it amounted 
to 1*2 per 1,000 volumes. 

The foregoing calculations and facts show the 
quantity of fresh air required to be admitted into 
rooms in order to prevent the quantity of carbonic 
acid gas increasing beyond a given standard ; but as 
soon as we come to apply the rule in practice the 
question of the capacity of the room comes in, with 
its many difficulties, and also the means of admitting 
the fresh air, for although we might cause the required 
quantity of fresh air to pass through the room, yet its 
velocity through small spaces would probably produce 
such draughts as would be intolerable. We find it to 
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be so in practice. When the only means of admitting 
fresh air is through the doors and windows, a person 
in a small room is exposed to draughts of air in almost 
any possible position, and we commonly find holes in 
walls stopped up to prevent these draughts — and not 
merely to keep the house warmer. It is the same 
whether the hole be under a door, a broken window- 
pane, or whether it be a purposely-fixed ventilator; 
people win not leave them open. They would be glad 
enough to have fresh air if they could have it without 
draughts ; and I have known holes knocked through 
the back walls of houses by the tenants themselves, 
but stopped up again because of draught. To make 
the air of dwelling-houses fit to live in is one of the 
most important objects of a sanitary authority. 
Persons who are tolerably wealthy may accomplish 
this for themselves, but it is the necessities of the 
multitude that engage the attention of a sanitary 
authority. The ventilation of houses is as difficult as 
ever the sewage question was, and will require for its 
solution as much research as has been given to that 
question, and which must be accomplished by legisla- 
tion as efficient as that now in force and that which 
may follow on the sewage difficulty. 

Bad air is aerial sewage, and must be cleansed by 
oxidation before we can safely breathe it, as foul 
water must be before we can drink it. 

The sections of the Act which relate to this subject 
are the 91st, which declares " any premises in such a 
state as to be either a nuisance or injurious to health " 
to be a nuisance, and the 46th, which is as follows : — 
" Where, on the certificate of the Medical Officer of 
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Health, or of any two medical practitioners, it appears 
to any local authority that any house, or part thereof, 
is in such a filthy or unwholesome condition that the 
health of any person is affected or endangered thereby, 
or that the whitewashing, cleansing, or purifying of 
any house, or part thereof, would tend to prevent or 
check infectious disease, the local authority shall give 
notice in writing to the owner or occupier of such 
house, or part thereof, to whitewash, cleanse, or 
purify the same, as the case may require." 

[See also provisions of " Public Health Acts 
Amendment Act " of 1890, post, pp. 243 — 258.] 
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§ v.— DIRTY HOUSES. 

We do not find clean people in dirty houses, nor 
dirty people in clean houses. When we look into the 
causes of dirty houses we find that want of proper 
drainage for the house slops is one of the chief of 
them. A house must be considered to extend beyond 
the threshold of the door for at least some yards. 
Where, for some yards in front of the house-door, the 
Bur&ce of the ground is not paved, or so roughly 
paved that liquids cannot run off cleanly from it — 
that is one cause of a dirty house. The children run 
in and out many times in a day ; and every person 
and animal of the household brings dirt into it con- 
tinually. The poor woman may try to rectify all this 
by scolding the children and kicking the dog, or may 
drive the children away altogether, for some hours at 
least, to find a better place to run about in ; but it aU 
ends in failure and bad temper, and the house becomes 
permanently dirty. The dirt on the floor dries, and is 
kicked or blown about in dust, which settles on the 
furniture and clothing, the walls and the ceiling, and 
is even carried upstairs. Bed-clothes are thrown on 
to the floor for want of other convenient place ; 
washing day would come very often if it were to come 
often enough to keep things clean ; and often withal 
there is a want of water. But the strength of spirit 
and of body required to keep a clean house under 
these long-continued adverse circumstances dies out, 
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and the house falls gradually into a chronic state 
of dirt. The husband becomes dissatisfied with it, 
and with all in it, and the usual consequence of that 
is too well known to need to be mentioned; it is 
enough to say that it is one of the circumstances of 
his life which does not tend to maintain his health. 

Less money than the wife wants coines into the 
house because the rest has gone elsewhere. Children's 
clothes become worn out imtil scarcely any re- 
main. She starves herself to feed her children, and 
even then insufiBiciently for their health. Sickness 
comes into the house, with its consequent expenses. 
A dirty household is imder these circumstances kept 
together as long as possible, but a frequent conse* 
quence is the necessity of parish relief, and the owners 
of house-property pay perhaps more money in un* 
necessary poor-rates than would be necessary for all 
the expenses of drainage. 

Dirty roads are another cause of dirty houses, 
and are uneconomical as well in the cost of main* 
tenance. 

It is ruinous to a road to allow water to lodge upon 
it. If the pbject were to grind down the materials by 
means of wheels and horses* feet we should add water 
to them, and that is practically what takes place 
when water lodges on a road. It is a matter of 
experience, after taking into account all charges of 
road-maintenance, that the cheapest materials for the 
Toad surface are the best in quality. Trap rock is 
the best material ; sandstone is weak ; limestone is 
slippery ; flint is too brittle ; granite, of certain quali' 
ties, is a good material, but trap rock is better; it 
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has a property of toughness as well as hardness. 
The pebbles and boulders picked from agricultural 
land are good for the purpose, when broken and 
made angular, so that the stones interlock with each 
other. It is necessary that there should be a good 
depth of stone — say ten or twelve inches — but it is 
not necessary that it should all be of the quality which 
is suitable for the surface ; the lower half or two-thirds 
of the depth may be of inferior quality, such as sand* 
stone, for this part is to be regarded as the foun- 
dation only, and is never to be reached by the wheels 
of vehicles or by horses' feet. It should, however, be 
broken to the same size as the top stone, or metalling, 
otherwise it will work up to the surface, and the size 
should not be larger than would pass through a ring 
two inches in diameter. Stone of two kinds, diflfering 
in hardness, should not be mixed together ; the softer 
wears away before the other, and leaves an uneven 
road ; but if placed altogether below the hard stone 
it serves the purpose of supporting the better material. 
Boads come properly within the category of ^anitarj 
works. Dust is certainly a nuisance, and mud is no 
less so ; both are sources of dirty houses. Even 
in a monetary point of view, a good hard material 
for the top metalling is economical ; less dust and mud 
are produced, because there is less wear. It is the 
wearing away of the materials in wet weather which 
produces first mud and then dust. The carting of 
large quantities of poor material on to a road, and the 
removal of large quantities of mud from it, cannot be 
economical. And be it remembered that the removal 
of the mud takes place and must take place whether 
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labourers be employed to scrape and sweep it up, 
and carts be employed to remove it, or whether it 
be left to be washed away in heavy rains into the 
drains, or, in lighter rains, to be ground up and remain 
to be blown away by the next dry wind. To have 
it washed into the road drains is to have them choked ; 
then the road-labourers disturb the construction of 
the drains or culverts and clean out the deposit, and 
restore the construction in a very rough and inefficient 
manner, making stoppages all the more likely after- 
wards. So that the ground-up material is necessarily 
removed, either as mud or dust. Watering roads, 
too, is expensive work. The expense of all these is 
reduced by making the top metalling of roads with 
better material. 

Sir Henry Pamell, in his book on roads, gives the 
results of experiments on the force required to draw 
given weights over roads of various degrees of clean- 
liness, which show that for the same load the following 
very different degrees of force are required for the 
draught. 

Onamnddy gravel road . 32 , 

On a clean gravel road 13 

On a muddy road which is made with good broken stone . 10. 
On the same road covered with dust . . . .8 
On a well-made broken stone road in a clean dry state . . 5 
On a paved road .2 

In a paper contributed to the Institution of Civil 
Engineers by Sir Joseph Whitworth some years ago, 
on the advantages and economy of maintaining a high 
degree of cleanliness in roads and streets, it is said 
that it is a remarkable fact that the quantity of dirt 
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removed is not increased by frequent cleansing, but is 
indeed under some circumstances diminished. This 
can only be explained by the fact that very much less 
dirt is produced on roadways which are kept properly 
cleansed, and that therefore they are preserved. This 
effect of improved cleanliness has been generally 
observed, and its cause is that when dirt is allowed to 
remain on the surface of a road it retains the water. 
A curious illustration of the preservative effect of 
cleanliness of a roadway is afforded by the state of the 
crossings, where the roads are "macadamised** or 
made with broken stone. The sweepers keep their 
crossings clean by constant sweeping ; but the road, 
instead of being, as might have been expected, worn 
away at the crossing, is often found higher and less worn 
than the adjoining parts. The saving of the material 
is no doubt the consequence of the greater dryness, 
and therefore hardness, of the clean part of the road. 
In the discussion on this paper, Mr. P. H. Holland 
said that one of the best effects of clean streets was 
that the houses were more easily kept clean, and the 
effect of this upon the habits and morals of the people 
was most important. If persons could not keep their 
houses clean with a reasonable amount of care and 
trouble, they soon gave up the attempt, and submitted 
to live in dirt. This domestic dirtiness caused 
domestic discomfiture, which naturally led the husband 
to desert his own fireside for the public house. If, 
however, the streets were kept clean, it became com- 
paratively easy to keep the houses so. He had 
frequent opportunities of watching the effect of im« 
provements in this respect, and it invariably followed 
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that there had been a marked unproyement in the 
habits and morals as well as in the health of the 
people. 

The condition of public roads is of great import- 
ance in another respect. How shall we call upon 
persons in their private capacity as householders to 
keep their houses clean when the public authority 
make it ahnost impossible to do so by neglecting the 
condition of the streets and roads ? It is one of the 
gravest questions which a sanitary authority can enter- 
tain, whether they do not themselves contribute to the 
dirty condition in which we find the houses of poor 
people. And as to the question : Which are public 
roads ? it ought not to arise, for all roads which are 
used by the public ought to belong to the public 
authority. It is of frequent occurrence that roads, 
originally private ground, are thrown open to the use 
bf the public without having been first properly made 
by their owners, and when the public authority is 
asked to take to these roads and keep them in repair 
they very properly object to do so untU they have been 
put into a proper state of repair by the original owners ; 
but the public having used these roads —in some cases 
for many years— the original owners say the road is no 
longer private, and is now public ground. These con- 
tentions cause much diflBiculty, and are injurious to all 
parties concerned. The course of proceeding should 
be that when a road not properly made is thrown open 
to the public by the owner of adjoining property for 
the convenience of the tenants, the public authority 
should bar the road to carriage trafiBic until it shall 
have been properly made, and then take to it as a 
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public road. By allowing it to be used by the public 
before it is properly formed, the public authority create 
a difficulty for themselves, but by placing a bar across 
one end, upon the public road with which it communi- 
cates, the owner of the private road sees that it is his 
interest to make the road properly at once. But as a 
practical remedy for former laches on both sides it seems 
proper and just that all such roads now existing should 
be put in order with the assistance of the sanitary 
authority, and that in future a better system of proce- 
dure should be adopted ; for, besides the necessities of 
roadways in such cases, it is frequently a present 
necessity of the sanitary authority that sewers be laid 
in such roads. 



Digitized by CjOOQIC 



§ VI.— DAMPNESS OF HOUSES. 

It is unnecessary to describe the many evil effects 
of dampness of the floors upon which, and the walls 
against which, people lodge. The chief cause of 
dampness of houses is the want of proper eaves- 
troughs and spouting to the roofs, and where the pre- 
caution has not been taken, in building the house, to 
lay a damp-proof course, the evU effects are excessive. 
When there are eaves-troughs at all they are in many 
cases so narrow that either the rain-water of the 
slighter showers falls short of them, or that of the 
heavier showers overleaps them at their lower ends 
and for some distance upwards. They are in many 
cases no more than 8 in. in width. They should be 
5 in. The edges of the trough should be fixed at the 
upper end level with the edge of the eaves, and an 
inch or so within that edge all along the trough, so as 
to catch the slighter showers which drop sheer down. 
It is chiefly towards the lower end of the trough 
where the water runs over the edges, and besides being 
caused by the trough being too narrow in many cases, 
another, and a frequent cause, is the want of hopper- 
heads to the down pipes. We see a small hole cut in the 
bottom of the eaves-trough, and the down-pipe joined 
immediately to the trough. The mouth of the pipe is 
too small to admit the quantity of water due to the 
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capacity of the pipe itself. The full quantity of water 
that a pipe of given size is capable of conveying cannot 
enter it through a mouth of its own diameter merely, 
and it is necessary to enlarge the mouth of the pipe. 
This is done in the case of eaves-troughs by a separate 
wider piece, called a hopper-head. But where there 
are no eaves troughs at all we may see by a rough cal- 
culation how much water is poured down at the foot of 
a house-wall. If we take each slope of the roof of an 
average house to be 180 square ft., a rainfall of one- 
third of an inch in an hour amounts to more than thirty 
gallons in that time, poured down along the foot of the 
wall. And it should be noticed that the surface of the 
ground about house walls in rural districts is usually 
not so evenly flagged, or otherwise paved, as it is in 
towns, and therefore that the water does not so quickly 
run oSf but lodges about the foundations to a much 
greater extent, and is absorbed by the walls and given 
oflf inside the house in vapour. This is especially so 
with stone walls. In hilly districts we sometimes find 
the surface of the ground at the back of a house 
several feet above the floor level, and no space left 
between the wall and the earth. Water falling from 
the roof in such a case makes the house unfit to live in. 
Everything put against or near the wall soon becomes 
mouldy, and it is first dragged further away, but for 
want of sufi&cient room it is soon put back again, and 
the consequence is that rheumatism and other diseases 
take hold of the inhabitants, and illness and inability 
to work ensue. 

The remedy in a case of this kind is to cut down 
the earth at the back and leave a clear space of a yard 
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or SO between the wall and the earth. One foot below 
the floor level is a sufficient depth generally. It is 
easy to see how such cases have arisen ; the retaining 
wall necessary to be built to keep up the earth has 
been made use of as the back wall of the house. 
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§ VII.— STOEAGE OF RAIN-WATER FROM 
HOUSE-ROOFS. 

The rain-water falling upon the roofs of most houses 
of considerable size is caught and stored for use, 
thereby avoiding, to some extent, dampness of the 
foundations and other inconveniences. It is in the 
smaller houses we find this provision mostly neglected. 
Measurements of the areas of some thousands of 
house-roofe show an average roof area of about 360 
square feet per house. An average rainfall of 30 
inches per annum is not unusual, and if we reduce 
this to 24 inches we could probably collect most of 
that in tanks, for upon so steep a surface nearly all 
would run oS; but allowing 6 inches in depth for 
evaporation, there would be left 18 inches in depth 
available for storage, which would amount to 540 cubic 
feet, or 8375 gallons in the year, which would yield a 
daily average supply of 9 gallons to the house. If all 
the rain-water is to be stored and used gradually and 
equably day by day, the capacity of the tank should 
be from about 1000 gallons in the western counties 
to about 2000 gallons in the eastern counties, but the 
rules of storage capacity applicable to water-works 
reservoirs do not apply in this case, because, in smaU 
houses, it is impossible to limit the quantity daily 
drawn out of the tank (although that is quite practi- 
cable in the case of a mansion), and if the proper 
average daily quantity be exceeded it throws out any 
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calculation which might be made on the basis of a 
given daily quantity to be used. If the tank be made 
to hold 1000 gallons, it will be of reasonably sufficient 
size for one house, and this would be contained in a 
space 6 ft. square and 4| ft. deep, or in one 6 ft. 
square and 6^ ft. deep. But, perhaps, the cheapest 
tank that can be made is a weU. A circular weU may 
be sunk, 5 ft. diameter, to a depth of 15 ft., and if the 
ground be a stiff retentive clay to that depth, a trial 
hole should be dug in the bottom to the depth of a 
foot or 18 inches to ascertain that the clay continues 
to a sufficient depth below the bottom of the weU, the 
hole being carefully filled in again with puddled clay. 
The weU may then be lined with half-brickwork in 
hydraulic lime mortar, leaving a clear diameter of 4 ft. 
8 in. If the bricks be laid dry the water will pass 
through the joints to the clay at the back and dissolve 
it, and part of it will be washed into the well as the 
water-surface lowers ; and if the mortar be made of 
other than hydraulic lime it will be dissolved. Where 
the ground is porous this lining could not be depended 
upon to be sufficiently water-tight. In that case the 
brick lining should be of radiated bricks, with close 
vertical joints, and backed with puddled clay, 8 or 9 
inches in thickness. Instead of clay a common kind of 
asphalt may be used, composed of gas tar and any 
non-porous dry material screened through } in. 
meshes, and worked in the manner already described 
for dry cesspits (see § III.), both floor and backing 
of walls. The thickness of this need not be more than 
an inch, but care should be taken that it is not less 
in any part than J an inch. In this case the radiated 
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well bricks should also be laid with hydraulic iiioi*tar 
or with cement. 

Another method is to use no bricks at all, but to 
render the sides of the excavation with PoiHand ce- 
ment in three coats, the full thickness of the cement 
being not less than an inch. In this case it is very 
necessary that the sides be trimmed down to an exact 
circle. It has been objected to this method that the 
ground water may rise outside the tank above the level 
of the water within it, and, by its hydrostatic pressure, 
burst off the cement lining. This would probably be 
so if care were not taken to make the excavation cir- 
cular ; but that being done, and there being neces- 
sarily an equal external pressure all round the well 
the cement ring would be put under a compression 
not greater, in all probability, than it could withstand. 
If it be desired to have a brick lining, and to coat the 
face of that with cement, the bricks should be laid dry, 
to prevent settlement of mortar joints. 

A well of the small diameter above stated may 
ea^y be covered with stone flags, or cast-iron plates, 
or it may be domed over. It is necessary to leave an 
air-hole in the cover, and to protect it with a hood so 
that it cannot be reached for mischief. 

Fig. 17 shows a section and Fig. 18 a plan of a rain- 
water tank of this kind. The leaves and other things 
which are brought down by the rain-water from the 
eaves troughs should be intercepted before they reach 
the well. This is done by placing a copper wire gauze 
screen across a small receptacle in which the deposit 
takes place, and from which it is removed from time to 
time and the gauze screen washed. 
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Pig. 17. 





PLAN 
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The cost of a rain-water tank, made in the first- 
mentioned manner, will probahly be about £7 

In the second 8 

In the third . . . . .800 

In the fourth 8 

in each case including the pump and all, complete. 

If we suppose the tank and pump to last, with a 
full allowance for repairs, only 80 years, there would 
be procured in that time 100,000 gallons of water. If 
we take the first cost at £6, and allow 2 per cent, per 
annum for repairs, or 2a. 6d. every year during the 30 
years, and add 8d. for redemption in 80 years at 5 per 
cent., and capitalise that combined annual payment at 
5 percent., we shaU add 558. to the £6, making £8 158., 
or say £9. For this sum, including prospective ex- 
penses for 30 years, a quantity of 100,000 and odd 
gallons of water would be procured, being at the rate 
of about 1«. 9d. per 1000 gallons, or 48 gallons for a 
penny. 

If the first cost of the tank and pump be £8, and 
including the same percentage for repairs, &c., there 
would be procured 36 gallons for a penny. When we 
consider that when the rain-water is not stored for 
use in a locality where water is scarce and has to be 
fetched from long distances, or, if not actually fetched 
by the inhabitants, paid for at the rate of 4 or 6 gal- 
lons for 1(2., which is not an uncommon thing, the 
advantage of storing the rain-water of house-roofs is 
sufficiently apparent. 

Except for the expense, it is advantageous to catch 
the roof-water before it descends to the ground, so 
that from an elevated tank a pipe may be laid into the 
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house. This also affords facility for filtering the 
water. When the ground-water contains certain mi- 
neral properties, some persons find it disagree with 
their health, and are glad to drink filtered rain-water. 

The ordinary sand-filter, such as is in use on the 
large scale, cannot well be adapted to filtration on the 
small scale of the necessities of one small house. The 
area of a filter-bed is usually on the scale of about 
one-third of a square foot per head of the population, 
but we cannot make a filter for one house on the same 
scale, unless it be a mansion, or large house. In a 
general filter-bed the action is continuous, minute by 
minute, although the water is suddenly drawn from the 
mains in quantities of several gallons at intervals of an 
hour or two, taking house by house throughout a dis- 
trict. It is this intermittent action which makes the 
difference between the two cases. A general filter bed 
yields about 75 gallons of water in 24 hours per 
square foot of its area, but for the reasons stated we 
2annot reckon the size of a sand filter for one house 
on that scale. We fi-equently require to draw fom* or 
five gallons, or more, in a minute, and to obtain this 
quantity through a sand filter at the ordinary speed of 
descent would require a much larger area than would 
be practicable or convenient. 

The purification of water passing through any filter- 
bed takes place by reason of two separate actions upon 
it, first by straining out of it the solid matter in sus- 
X^ension, and secondly by bringing the oxygen of the 
atmosphere to act upon it so as to change any decaying 
organic matter which it may contain in solution into 
inorganic and harmless substances. The best filtering 
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medium, therefore, is that which at once excludes from 
its pores suspended solid particles and exposes the 
dissolved organic matter to the largest possible amount 
of atmospheric air. Fine sand, by reason of its hea- 
viness, lies too compactly in its body to comply with 
the latter requirement, while in its surface it is too 
porous to exclude all suspended matter. On the large 
scale this is of no practical inconvenience, because, 
although the solid matter may not be altogether 
arrested on the surface, but may penetrate the sand to 
the depth of an inch or two, it is easily removed by a 
regular attention, but the case of a small household 
filter is quite diflFerent; here no such regular attention 
is given, or could practically be given, to remove the 
solid material and replace it from time to time with 
fresh material. Some substance, therefore, must be 
used which is closer in its texture on the surface and 
more open in its body than a sand-bed is. Charcoal 
is a very porous substance, but the difficulty is to make 
the water pass through the pores ; for when the char- 
coal is in the form of lumps, however small, the water 
passes through amongst the interstices of the lumps or 
granules, and not through their pores, thus coating 
the surface of each lump or granule with the impurities 
of the water, and for a time, therefore, depriving the 
water of them, but afterwards allowing it to pass 
through unpurified, and even, after further use, giving 
off to it part of the accumulated impurities of the 
water which had previously passed through. This 
was found to be the result of passing water through a 
thickness of five inches of animal charcoal of a degree 
of fineness similar to that used in sugar refineries. 
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according to a paper read at the Institution of Civil 
Engineers, in 1867, by Mr. Edward Byrne. The ex- 
periments Mr. Byrne made were not considered con- 
clusive of the case, for there seemed to have been some 
peculiar property in the water ; but, however that may 
have been, the experiments certainly did show that, 
after a certain quantity of water had passed through 
the filter, the remainder was in worse condition after 
than before it passed through. 

In the discussion of this paper. Dr. Letheby said 
that a cubic foot of animal charcoal, weighing from 
50 to 52 lbs., held within its pores four gallons of 
water, and that he had found by experiment that it 
was necessary that the water, to be purified, should 
remain in contact with the charcoal for at least one 
minute. In Mr. Byrne's experiments the time had 
been two and a half minutes. It was stated that the 
rate of filtration through the filters of the Water Puri- 
fying Company is 400 gallons a day, through a filter 
containing 80 lbs. of charcoal. 

Dr. Frankland said he had passed some of the Lon- 
don water through a stratum of animal charcoal, three 
feet thick, at the rate of more than 41,000 gallons per 
square foot in 24 hours, under a head of 30 feet. The 
charcoal was in granules, like coarse sawdust, and in 
the above-named instance more than one-half of the 
organic matter in the water was removed ; and, on redu- 
cing the rate of passage of the water to one-half, one- 
fourth, or one-tenth, the proportion removed was 
scarcely increased. It appeared, firom experiments, 
that wood or other vegetable charcoal is inert in its 
action on organic matter in .water. 
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Animal charcoal appears to have been applied to 
the filtration of water with some success by Mr. Atkins, 
of Fleet Street. The charcoal is reduced to powder 
and mixed with powdered vegetable and combustible 
matter ; and the combined powder is mixed with liquid 
pitch, and the mixture worked up and moulded into 
plates or blocks of any form. By thus moulding the 
charcoal into blocks, it is at once put into a convenient 
and portable form ; and the mud arrested on the sur- 
face is scraped off, after the plate, or frame of plates, 
or the block, has been removed from the water. For 
continuous use, a duplicate set is required ; as, indeed, 
is the case in any method of filtration. A useful 
thing for catching the rainwater of the roof in a clear 
state, is Buck's " Separator," inserted in the vertical 
rainwater pipe. The first run of water, bringing with 
it soot and dirt of various kinds from the roof and 
gutters, is made to pass in one direction to the drain, 
while the succeeding run of water, much clearer, passes 
m another direction, and may be caught for use. 

When, however, as indeed often happens, a mansion 
or large house is without a sufficient supply of water, 
a very useful quantity may be obtained from the roofs. 
A much larger roof-area, in proportion to the number 
of persons living imder it, exists in such cases as this 
than in small houses. If we take a large number of small 
houses, we find the average number of persons per 
house to be, say, five, and we find the average roof-area 
to be, say, 360 square feet, or it may be in some cases 
that the average is 400 square feet, or 80 square feet 
per head of population ; but, in the case of a mansion, 
the comparative roof-area is much larger, even when 
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the visitors are included. It is often as much as 200 
square feet for each person; and, taking 18 inches 
as the available depth of rain-water in an average year, 
the quantity would be 1875 gallons per head in the 
year, or, when regulated, 86 gallons per head per 
week. It is better, in this case, to reckon the quantity 
per week; because, in order to regulate the quantity, 
a service cistern must be constructed, to be fiUed by, 
say, the chief servant of the household periodically. 
If the quantity used during a week were equable, day 
by day, it would be sufficient to make a small cistern 
to hold one day's supply, and that it should be filled 
from the storage tank once a day ; but, as on some days 
of the week much more water is used than on others, 
it is better to make the service-cistern to hold a week's 
supply. Without some regulation of this kind, there 
would be no certainty of the storage lasting over a 
drought ; and it is because this regulation cannot be 
practically and generally maintained in smaU houses, 
that the rule of storage capacity of reservoirs cannot 
be applied. When the water can be regulated, say 
weekly, the capacity of the storage tank may be 120 
days' (average) supply, in the western counties ; and 
may vary from that capacity to twice as much in the 
eastern counties. 
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§ VIII.— CONTAMINATION OF WELL- 
WATER. 

The sources of contamination of well-water are :— 
(1), privy cesspools which are not water-tight, and 
from which rain-water is not excluded ; (2), soakage 
of the top-water into the ground and thence into the 
v^ells, conveying with it refuse matter from the surface; 
(3), house-drains which lie near the well, and which 
allow the house-slops to percolate through the joints 
into the surrounding ground, from which they grad- 
ually soak into the well; and (4), unless the drain 
consists of pipes closely jointed, rats are a frequent 
cause of contamination of wells near which house- 
drains Ue ; for rats seem to have a peculiar instinct in 
finding their way through the ground direct to water, 
and, although the water in the well may be out of their 
reach, it is possible that in their efforts to reach it 
some of them drop in ; but, even if that should not be 
so, refuse liquids may find their way through the holes 
they make from the drain to the well. 

There are three kinds of wells : — (1), pump-wells, 
(2), draw-wells, and (3), dipping-wells, and the above- 
named forms of contamination are common to them 
all; but a draw-well is liable to contamination o^^ 
another kind. The cover is necessarily moveable, and 
is usually on the same level as the surface of the 
ground. The cover is often left open, and small 
animals, such as dogs, cats, and rats, sometimes fall 
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in ; and, the occurrence being unknown, the animals 
decay there and contaminate the water, the cause of 
the consequent ilhiess of the persons who drink the 
water being probably undiscovered. 

Unless wells be provided with pumps, the rim or 
edge-curbing should be raised above the surface of the 
ground, and a step or two made for persons to ascend 
to draw the water. 

Dipping-wells are also subject to contamination 
from other sources. The cans, buckets, and pails 
used are set down in dirty places about the house, and 
the dirt is carried to the well and washed off in the act 
of dipping. Also, every time anything is dipped into 
the water, it is stirred up and muddied for the next 
person who comes. Another source of pollution of an 
open well-hole is the mischief of children, and where 
the situation is public this cannot be prevented. A 
dipping- well the water of which is used for domestic 
purposes, ought not to be allowed to exist. Every 
opening should be completely closed, except one for 
ventilation, which should be protected by a hood, so 
that it cannot be reached, and another for the over- 
flow of water, which should likewise be shielded ; and 
the water should be procured by means of a pump. 
These dipping-wells are weak springs, and as the over- 
flow of water may probably be frequent, a cattle-trough 
may be so placed as to receive the overflow : in public 
places this is of great use. The pump should be 
wholly enclosed within the well, and a horizontal shaft 
or spindle should traverse the well from wall to wall, 
carrying upon it an arm to work the pump-bucket, 
having only its end projecting through the wall, upon 
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which is fitted a simple lever or handle 18 inches 
or so in length. Being whoUy enclosed or bricked up, 
the pump barrel should be lined with brass or gun 
metal, and truly bored out, and, indeed, well and truly 
fitted in every respect, so as to prevent the need of 
frequent repairs, which is a too common need of many 
pumps. 



Fig. 20. 




seen ON 



ELEVATION 



Fig. 22. 




Rgs. 20, 21, and 22, show respectively a section, 
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an elevation, and a plan of such an enclosed pump, the 
handle alone being outside the brickwork. Under the 
spout is a dog-trough, 24 in. X 12 in. x 4 in,, across 
the middle of which are two iron bars, upon which the 
bucket or pail is set. At one end of the trough there 
is a lip, an inch below the edges of the trough, over 
which the surplus water flows into the drain, through 
a small grating. The pump, and the shoot or spout, 
are of cast-iron ; the working barrel lined with brass, 
and the foot- valve is also of brass. It is important 
that this valve should be well fitted, because of the 
small head of water upon it to keep it tight. Two lugs 
are cast upon the pump barrel, one near the top and 
the other near the bottom, which are bolted to two 
cross pieces of wood, built into the brickwork, to hold 
the pump steady. 

These pumps are made at a cost of about 505. each, 
and the rest of the work costs about the same. As to 
the trough, it should be a shallow one, to hold about 3 
or 4 inches depth of water only, for if it be made deep 
enough to dip into, the children who are sent for water 
for the household — and it is children mostly who fetch 
the water under the circumstances now under consi- 
deration — would fill their pails with the contaminated 
water of the trough, after the well-water is exhausted, 
which is a very common occurrence in dry weather. 

Weak springs, as many of these are, although the 
water may be of good quality, yield but a very in- 
adequate quantity for the number of persons resorting 
to them. While they remain open dipping-places, 
persons who come to fetch water, and see the depth 
insufficient to dip into^ wait (sometimes for a long time) 
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until they can dip their pail or other vessel ; but when 
the water is boxed in and a pump fixed, they exhaust 
the supply of water quickly, and are too apt to say 
that the new pump is no benefit to them, or that they 
would rather have the old dipping hole again. But as 
this arises from thoughtlessness, time will probably 
convince them that tiiey had better have of good 
quality what water the well-hole yields than have it 
polluted. 

It is more diflScult to arrange a proper water-supply 
in a rural district than in a town. Eural sanitary 
districts contain many aggregations of population of 
2,000, 8,000, and 5,000 ; and it is these places which 
are the most difficult to deal with in respect of the 
water-supply. Take, for instance, one parish of, say 
4,000 population, in a dozen parishes constituting the 
Eural Sanitary District of, say 20,000 or 80,000 popula- 
tion, living on about as many acres of ground : three- 
fourths of the population of the parish may be con- 
gregated on 100 acres, the other thousand being dis- 
tributed in something like the following manner : — 100 
at A, 200 at B, 800 at C, and 400 at D. Now, leaving 
out of the question how three-fourths of the popula- 
tion of the parish may be supplied, those designated 
A, B, C, and D, will probably all procure water for 
domestic purposes firom sources liable to contamin- 
ation from passing persons and animals, whether ac- 
cidental or wilful. But supposing a satisfactory water- 
supply to be arranged for the main portion (say the 
8,000) of the population, it would probably not pay, at 
the current water-rate, to supply the small outlying 
places — the other fourth ; although, living within the 
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same sanitary district, they may very properly say they 
have the right to be supplied equally with those who 
live more centrally in the same district, providing they 
are willing to pay the current water-rate on the value 
of the house. But if the sanitary authority must 
include these outside people, the water-rate upon 
those more centrally situated must be increased, so 
that an average rate may be struck for the whole dis- 
trict. It is therefore advisable to protect and render 
as useful as possible all the small sources of water in 
the outlying parts, so that the inhabitants may procure, 
in a tolerably pure state, whatever quantity these small 
sources yield. 

There is little or no doubt that the average rate of 
mortality of some of the Sub-districts of Eegistration 
is unduly swelled by excessive mortality in small out- 
lying places, and that if these could be kept within the 
average of the district that average would be consider- 
ably less than it is now ; and who knows how far the 
unwholesome water of these outlying places con- 
tributes to swell the bill ? 

The section of the Act which relates to this subject 
is the 70th, as follows : — " On the representation of 
any person to any local authority that within their 
district the water in any well, tank, or cistern, public 
or private, or supplied from any public pump, and 
used or likely to be used by man for drinking or 
domestic purposes, or for manufacturing drinks for 
the use of man, is so polluted as to be injurious to 
health, such authority may apply to a court of sum- 
mary jurisdiction for an order to remedy the same ; 
and thereupon such court shall summon the owner or 
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occupier of the premises to which the well, tank, or 
cistern belongs, if it be private, or in the case of a 
public well, tank, cistern or pump, any person alleged 
in the application to be interested in the same ; and 
may either dismiss the application or may make an 
order directing the well, tank, cistern, or pump, to be 
permanently or temporarily closed, or the water to be 
used for certain purposes only, or such other order as 
may seem to them to be requisite to prevent injury to 
the health of persons drinking the water." 

The court may order the water to be analysed, and 
if the person on whom an order is made fails to com- 
ply with the same, the court may, on the application 
of the local authority, authorise them to do whatever 
may be necessary in the execution of the order, and 
expenses may be recovered from the person on whom 
the order is made. 
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DRAINAGE. 

SisonoN IX. HOUSE-DRAINS AND SEWERS. 

Definition — Sewers may act as land drains— Old water courses — 
House drains eyerywhere necessary — Properties of a sewage flow — 
Velocity of a sewage flow— Solid deposit — Surface, mean, and 
bottom yelocities — Qualities of bouse drain and sewer pipes — 
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§ IX.— HOUSE-DEAINS AND SEWERS. 

Definition. — ^Drains and Sewers are sometimes 
spoken of indiscriminately, but it is necessary, for 
convenience sake, to make a distinction. Again, 
house-drains and land-drains are distinct in their 
functions, the one draining surface-water and the 
other ground-water. We define a house-drain to 
be a channel (whether open or covered) which con- 
veys away jfrom a house, or from a few houses, 
the refuse liquids, together with such solid matter 
as may be in suspension and solution in them, 
and a sewer to be a channel (whether open or 
covered) which receives the contents of two or more 
house-drains ; a main sewer, one which receives the 
contents of two or more other (subsidiary) sewers; 
and a trunk or outfall sewer, one which receives the 
contents of all other sewers belonging to the same 
system. 
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Sewers may act as land drains. — ^A sewer may, 
by constructing it in a certain manner, be made 
to admit ground- water ; and, in argument whether 
a sewer should be made to remove the wetness of 
ground through which it may be laid, the subject 
may be argued on the understanding that a sewer, 
made in a certain manner, will act as a drain, while, if 
made in a certain other manner, it will be impervious, 
and therefore not a drain-sewer. It is a question to 
be determined rather by the doctor than by the en- 
gineer whether the dampness of ground under and near 
dweUing-houses should be removed: if so, the only 
question for the consideration of the engineer is how 
far the drainage of the ground may assume the form of 
a run of water suflSciently quick to carry with it fine 
particles of earth or sand into the sewer, and so induce 
a settlement of the ground and consequent danger to 
the stability of buildings. In merely damp ground 
this would not occur, and it is in this kind of ground 
where the method seems most beneficial* 

When the sewage (sewage being that which flows 
through drains and sewers, whatever it may consist of,) 
of several houses belonging to different owners is 
brought into one drain, before it enters a sewer, this 
drain is a main drain, as when, by agreement between 
owners of adjoining houses, one drain, laid along the 
backs of their respective houses, drains them all before 
it debouches at the lowermost into a sewer. 

Another method of distinction is that drains are 
those channels which belong to houses as privato 
property, without reference to the number of houses 
drained by each, and that sewers are such channels as 
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belong to the pubKc. Practically, the results of the 
two methods coincide in most cases. 

Old Water-courses. — ^In Eural Sanitary Districts 
perplexing questions arise as to whose duty it is 
to repair, alter, or amend certain watercourses into 
which house-sewage and road-water have been turned 
from time to time, and which lie through private 
lands. These were originally, no doubt, the natural 
outlets of the rainfall, and, as such, belonged to 
the owners of the adjoining land, each one having 
the use of it as far as his land extended, and being 
responsible for its condition. So long as that 
which came into such a water-course was rain-water 
only, all that was necessary was to provide for its 
passage, without reference to the form of the channel ; 
but when houses have been built within the watershed 
of such a channel, the sewage has been from time to 
time turned; into it by house-owners who have had no 
original rights in the land adjoining it. This has 
come about in the following manner :—Boads have 
been formed in a direction across this original water- 
course, the road ditches having their outlet into it. 
Houses have been built adjoining the road. The open 
ditches having been found to be inconvenient, a culvert 
has been laid to carry off the road-water, and the 
ditches have been filled up. This has been done 
either in whole by the parish vestry or in parts by the 
house-owners as far as their respective frontages have 
extended, the parish authority completing the culvert 
in other parts. Then, from time to time, the house- 
sewage has been turned into these culverts, and so the 
main watercourse has become an open sewer, used by 
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the public ; but its form is such that the sewage lodges 
in it and becomes a nuisance. Presently the sanitary 
authority is appointed, and it is desired that the 
nuisance shall be done away with. The question then 
arises — ^Is this a public sewer ? for if so, the sanitary 
authority ought to amend its form so that the sewage 
may be properly carried off. 

The usual remedy, and an effectual one, for a case 
of this kind, is to lay an intercepting sewer for the 
house-sewage, taking it along such public roads as 
may be practicable and convenient, and through pri- 
vate lands where it may be necessary, under the 
powers of the Act. It is one of the principles of 
sewerage that natural watercourses should not be 
converted into sewers, but should be left to perform 
their proper function of carrying off rain-water, and 
especially storm-waters. Such an intercepting sewer 
is, of course, laid by the sanitary authority. 

There are cases, however, where the area of ground 
naturally draining into a watercourse of this kind is 
small, which may be treated as exceptions to the 
rule, and where such a watercourse may be continued 
to be used as a main sewer, either covered or open, or 
covered in some parts of its course and open in others. 

In such a case, where the ground is very steep, and 
where floods have formerly torn up the bottom of the 
old water-course and brought down the sides, but 
where, nevertheless, there would have been great diffi- 
culty in carrying the sewage in another direction by an 
intercepting sewer, I have deemed it advisable to allow 
the old watercourse to continue to be used as a sewer. 
To prevent sewage lodging in the rough bottom of the 
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old watercourse, I have laid in a brick invert, on con- 
crete, as shown in figs. 28 and 24. To check the too 
great rush of water in flood times I have formed the 
bottom in steps, as shown. 

In steep ground, such as this, a covered sewer is 
almost like a flue, up which the gases ascend rapidly 
from the lower levels, and blow out at any opening 
there may be, and in this case the lower end of the 
sewer is covered, and is in communication with other 
sewers at lower levels, so that in the part now under 
notice, and where it was not absolutely necessary to 

Fig. 23. 




LONGITUDINAL 

Fig. 24 




CROSS SECTION 



cover it, it has been left wholly open, thereby break- 
ing the connection of the covered sewers at the lower 
levels with those at the higher levels. 

House drains everywhere necessa/ry. — The necessi- 
ties of urban and rural sanitary districts are different 
in degree but not in kind, and it is the degree that 
is the important thing to be considered in each 
rural sanitary district, according to the ^ensity o/ 
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population and other circumstances. This question 
of degree, however, applies to works of combination, 
such as sewers, and not to individual works, such 
as house drains. Every house in a rural sanitary 
district requires a drain to carry off the house-slops, 
as well as every house in a town; but the sewage 
may in some cases be satisfactorily disposed of without 
any system of sewers, where the houses are widely 
separated from each other. 

Properties of a sewage flow. — The properties of a 
sewage flow are (1) its viscidity; (2) its velocity, which 
depends upon two subsidiary properties, viz., the 
hydraulic mean depth of the stream and its inclina- 
tion ; and (3) the scouring action of the stream upon 
the bottom of the channel. 

In respect of the first of these we may take it to 
be the same as that of water. 

In respect of the second property, if the cross 
sectional area of a stream be divided by the width 
of its cross section, measured along its bed, the result 
is the hydraulic mean depth ; and the greater this 
depth the greater is the velocity, if the inclination 
remains the same. 

Velocity of a sewage flow. — The flow of a Kquid is 
influenced by the friction between it and the channel 
through which it runs, and it is retarded, more or 
less, accordingly as the extent of the surface of the 
channel with which it flows in contact is great or 
small, in relation to the quantity of liquid flowing 
through the channel. The quantity of liquid dis- 
charged by any channel of given size, as a pipe of 
pdven diameter, is the result of the sectional area 
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of the stream multiplied into its velocity. It is de- 
sirable that the velocity of the sewage should be 
considerable. In circular pipes the least extent of 
surface is offered, in relation to the quantity dis- 
charged, and therefore the least obstruction to the 
flow of sewage, when the sewage half fills the pipe, 
in all cases within the limits of practice. 

SoKd deposit. — The third property is necessary to be 
considered so that stoppages of the sewer or drain may 
not take place from the accumulation of solid matter. 
In Beardmore's " Hydraulic Tables " it is stated that 

80 feet per minute will not disturb clay with sand and stones. 

40 y, will sweep along coarse sand. 

60 ,, ,, finegrayel. 

120 ., ,, roimded pebbles. 

180 ,, ,, angnlar stones. 

These, except the first, coincide with Du Buat's 
experiments. 

In Kankine's " Manual of Civil Engineering " are 
stated, not the velocities which will move solid matter 
along, but the greatest velocities of the current close 
to the bed consistent with its stability ; thus — 

Soft daj 0'25 feet per second. 

Fine sand 0*50 

Coarse sand and grayel as large as peas . 0*70 

Qiayel as large as French beans • . 1 *00 
Gravol 1 inch diameter . . .2*25 

Pebbles 1^ inch diameter . . 8*83 

Heavy shingle 4*00 

Mr. Neville gives the following in the third edition of 
his " Hydraulic Tables, Co-efficients, and Formulae,** 
recently issued by the publishers of this work. 
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Speaking of rivers, he says (p. 258), " The mean 
velocity must not be too quick, and should be so deter- 
mined as to suit the tenacity and resistance of the 
channel, otherwise the bed and banks will change 
continually, unless artificially protected ; it should not 
exceed 



25 feet per minute 


in soft alluvial deposits 


40 


clayey beds. 


60 


sandy and silty beds. 


120 


gravelly. 


180 


strong gravelly Bhint^le. 


240 „ 


shingly." 



Although in the regimen of rivers it is an object to 
restrict the velocity so that the materials of the bed 
may not be worn away, and in sewers it is an object 
to increase the velocity so that deposit shall be carried 
away, still a useful comparison may be made between 
this table and the others herein given. 

Mr. Wicksteed made some experiments with a 
channel having a semicircular bottom (Du Buat had 
operated on a channel sometimes rectangular and 
sometimes trapezoidal, whose greatest breadth v/as 
18 in., and depth from 3 to 9 in.), and he foimd that 
with a bottom velocity of 12J in. per second, coarse 
sand, small pebbles, and rounded stones, and pieces of 
brick 2 in. diameter, were carried along, the larger 
ones moving rapidly and stirring up the sand and 
small stones, which moved slowly. With a velocity of 
21| inches per second iron borings, together with all 
the previous substances, and pieces of brick 8 in. 
across, were carried along. In these experiments the 
fall of the surface of the water and the bottom of the 
channel were the same, viz., 1 in 189. 
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Experiments were then made with a level bottom, 
and a sufficient supply of water admitted into the 
channel to produce a surface velocity of 32|in. per 
second, which would indicate a bottom velocity of 
about 20 in., or, according to some authorities, 22 or 
23 in., and with this velocity, on a level bottom, half 
and three quarter bricks, together with the substances 
before named, were rolled along, turning over and over. 

SurfacCy mean, cmd bottom velocities. — It is difficult 
to measure the bottom velocity in any actual stream, 
and the experiments of different persons do not show 
any close agreement in the results arrived at, in respect 
of the relation which the bottom velocity bears to the 
surface velocity. 

In Dr. John Eobison's "Mechanical Philosophy" 
it is stated that the differences between the velocities at 
the surface and the velocities at the bottom of streams 
are proportional to the square roots of the velocities 
at the surface. The mean velocity is the arithmetical 
mean between the surface and bottom velocities. In 
a general way, if imity be taken from the square root 
of the surface velocity in inches per second, the square 
of the remainder is the velocity at the bottom. 

Dr. Kankine says that the least velocity, or that of 
the particles in contact with the bed, is about as much 
less than the mean velocity as the greatest velocity is 
greater than the mean, that is, that the least, the mean, 
and the greatest velocities may be taken as bearing to 
each other nearly the proportions of 8, 4, and 5. 

Mr. Bazalgette stated, in a paper read at the Insti- 
tution of Civil Engineers, on the metropolitan main 
drainage, that he had designed the work so that there 
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should be a mean velocity of not less than 1 J mile in 
an hour, when the sewers run half full, which is 
132 ft. per minute, or 2*2 ft. per second, the bottom 
velocity of which, according to the above-named ratio, 
would be 99 ft. per minute, or 1*65 ft. per second. 

According to the experiments precedently named 
this bottom velocity would " sweep along fine gravel," 
or ''gravel as large as French beans," or "coarse 
sand, small pebbles, and rounded stones, and pieces of 
brick 2 in. diameter." 

From these and from our own observations we may 
say that the bottom velocity of a sewage stream ought 
never to be less than 18 in. per second, or the mean 
velocity less than 2 ft. per second. With the quick 
fall which may usually be given to house-drains a 
mean velocity of 8 ft. per second may easily be 
obtained, if the pipes be not made too large. 

Qtuilities of house drain and sewer pipes.— One of 
the first requisites of a house-drain or sewer pipe is 
that it be perfectly circular, and another that it be 
smooth. The kind of clay of which drain-pipes 
are sometimes made, and the mode of manufacture, 
are such that during the process they fall out of shape 
and become non-circular at the ends. This irregu- 
larity of shape in adjoining pipes in the same drain 
causes obstructions to the solid matter of the sewage, 
obstructions which are cumulative, and which are not 
found out for a long time after their commencement, 
causing a generally foul state of the drain, and one 
from which large quantities of foul gases are given off, 
which travel upwards along the drain to the house. 

There are three kinds of earthenware pipes in use 
for house-drains and sewers. 
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1. " Earthenware '* pipes, which are made at many 
brickyards, hut of one kind of clay only at each. 
Very few of these stand the heat necessary to vitrify 
them thoroughly and yet retain their shape, and they 
cannot he made so smooth inside as is desirahle for 
house-drains and sewers. 

2. Stoneware pipes. These are made of a mixture 
of clays which hum mostly of a light colour, and 
sometimes there is an admixture of previously humt 
clays broken up, and other substances, and the mix- 
ture of which they are made will stand great heat in 
huming, while yet the pipes mostly retain their form. 
These pipes can be, and mostly are, glazed with 
common salt during the later stages of firing. They 
are usually 2 ft. in length, excluding the socket, which 
is 1 J in. deep in the 3-in. and 4-in. pipes, If in. deep in 
the 6-in. pipes, 2 in. deep in the 9-in. and 12-in., and 
2 J in. in the 15-in. pipes. The thickness of the 3-in. 
pipes is usually f in., of the 4-in. pipes J in., 6-in. pipes 
f in., 9-in. pipes f in., 12-in. pipes 1 in., and 15-in. 
pipes 1^ in., and those made by Messrs. Stiff and 
Sons weigh respectively about 12 lbs., 16 lbs., 29 lbs., 
62 lbs., 86 lbs., and 126 lbs. 

Other pipes are made of fire-clay, and these are 
usually thicker than stoneware pipes, except the 
smaller sizes of 8 in. and 4 in., which are the same. 

When there may be a special reason for requiring 
greater strength to resist external pressure than the 
ordinary stoneware pipes will resist, or than it would be 
prudent to subject them to, fire-clay pipes may be 
made of any thickness required ; but stoneware pipes, 
as well as some kinds of earthenware pipes, will resist 
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considerable external pressure. When Mr. Bawlinson 
some years ago read a paper on the drainage of 
towns at the Institution of Civil Engineers, Mr. 
Doulton said he had tried the strength of some pipes 
made by his firm, with the following results. The 
pipes experimented on were two feet long ; each pipe 
was supported at the ends on blocks ; a piece of wood 
twelve inches long was laid on the middle, and the 
weight was gradually increased until fracture ensued. 
The following were the results : — 



Diameter 
of pipe. 


Thickness. 


Weight on 
12 in. square. 


Weight over the entire 
surface of the pipe. 


16 in. 

32 in. 

9 in. 


iand^ 


cwts. qrs. 
31 3 
53 3 
64 3 

• 


tons. cwts. qrs. 

7 1 1 

8 13 2 
8 18 3 



But it would not be prudent to accept these as the 
breaking weights of aU stoneware pipes of like diameter 
and thickness, even of the same make, for one or a 
few in a great number might fail with very much 
less weight. Moreover, it would be contrary to all 
engineering practice to allow an actual weight even to 
approach any known breaking weight. 

Inclination of hotise-drains. — There is usually no 
difficulty in giving a sufficient fall to house-drains, if 
the pipes be true in form and evenly laid (and no fall 
whatever will compensate for defects in either of these 
respects). A moderate fall, and yet a sufficient one, is 
1 in 60, or 2 in. in 10 ft., for the body of the drain, and 
1 in 80 for the branches. 

Sizes of hovse'drains-p- The proper size of a sewer 
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or dram must be determined upon a consideration of 
the laws of hydraulics, moderated by knowledge de- 
rived from experience. This is necessary; for by 
the former alone we should find that a pipe of 
but two or three inches diameter is sufficient for 
half a dozen houses, even with the small inclination 
sometimes given to house drains, but we know by 
experience that the diameter should not be less than 
six inches, on grounds distinct from hydraulic laws. 
But the requisite size of a house drain is often over- 
estimated. A pipe six inches internal diameter is suffi- 
ciently large for the drain of the largest house, and it 
is not too large for the smallest house. A house drain 
frequently has several branches, and each branch may 
be four inches diameter. A 4-in. pipe would indeed be 
sufficiently large for the whole length of the drain in 
respect of its capacity to carry off the quantity of 
sewage running from Uie house, but from the careless- 
ness of persons a solid article — ^much too large and 
heavy — sometimes gets into the drain, and in a 4-in. 
pipe this fills up too much of the space to allow 
the sewage to pass it. If, then, the obstruction takes 
place at some unknown part of the body of the drain 
there is great trouble in finding it, but when each in- 
dividual branch is but 8 in. or 4 in. diameter a solid 
article is more likely to be caught before it gets as far 
as the 6-in. pipe, and when a stoppage is caused by 
such an article its position may generally be ascer- 
tained to be at or near an inlet of the drain, and may 
be removed at once without much searching. If, 
however, it get through the branch, and the drain be 

6-in. diameter, it will probably not obstruct the sewage 

g2 
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altogether, but will be gradually moved down towards 
the end of the drain by the occasional flushes of water, 
and will probably be carried down to the outfall with- 
out further inconvenience. 

For this reason the body of a house drain should 
not be less than 6 in. diameter, although the branches 
may be 4 in. 

A concise and useful formula for our present pur- 
pose is that of Eytelwein, given in Tredgold's " Tracts 
on Hydraulics," viz., that the mean velocity per second 
of a stream of water of similar form to those we are 
now considering is about nine-tenths (more accurately 
ten-elevenths) of a mean proportional between the 
hydraulic mean depth and the fall in two English 
miles, supposing the channel to be prolonged so far. 
The mean velocity per second of any such stream may 
therefore be represented generally thus : — 

h = the hydraulic mean depth, 
/= the fall in two miles, 
and V = the mean velocity sought. 
When 17 = -9 \/Jf, 

or, as it is more convenient to take small quantities 
like these per minute, v = 54 ^ hf = the mean velo- 
city per minute; and this velocity multiplied into the 
sectional area of the stream gives the cubic quantity 
discharged. 

Discharge of a 6-in. ,pipe. — The velocity in a 6in. 
pipe running half full, and having a fall of 1 in 60, 
would be fully 250 feet per minute, and this multi- 
plied into the sectional area of the stream would give 
a discharge of 24 cubic feet per minute, or 150 gallons. 
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If we take the fall to be 1 in 120, /=88, and 
9 V hf = a mean velocity of nearly 3 feet per second, 
or 180 per minute, which would give a discharge of 
fully 100 gallons per minute. 

No household discharges so much sewage as this. 
The velocity, however, will be less than that above 
stated so long as the sewage does not half fill the pipe, 
which it will seldom do in a Gin. pipe, even when it 
drains half-a-dozen houses, with a fall of 1 in 60, 
unless the rain-water of an unusually large area be 
turned into it. 

The only direct rain-water that it is necessary to 
turn into a house drain is that falling upon the ground 
surface of the back premises of houses. That falling 
upon the roofs may be, and certainly should be, 
caught and stored for use, and sent into the drains 
after use. As to the area of the groimd surface of 
the back premises of houses drained directly into the 
house drains, numerous observations and measure- 
ments show that it seldom exceeds the area of the 
house roof, and this, as has been before stated, has 
been found by the measurement of several thousand 
house-roofs to average about 360 square feet. K we 
say that the direct rainfall to be carried oflf by the 
house drain as fast as it faUs is that due to an area of 
360 square feet, that is rather to overstate than un- 
derstate the average area of small houses. 

A house drain should carry off as fast as it falls the 
greatest rainfall from the area draining directly into 
it, together with the greatest quantity of house-sewage 
that may be discharged at the same time. If we take 
the quantity of water resulting from a depth of rair 
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of 2 in. in an hour over an area of 860 square feet 
as the quantity to be carried oS, the discharge to be 
provided for would be 60 cubic feet in the hour, or 1 
cubic foot per minute. But say that during some 
short part of the hour the quantity might be twice the 
average, or 2 cubic feet per minute. 

The maximum quantity of sewage discharged per 
minute from one house does not exceed 2 cubic feet 
per minute, and that only very rarely. 

If we suppose this to occur at the same time as the 
heavy rainfall above stated, which is not impossible, 
the quantity the drain must be capable of discharging 
is 4 cubic feet per minute per house. 

Beferring to the calculated discharge of a 6-in. pipe 
when half full, and with a fall of 1 in 60, viz., 150 
gallons per minute, or 24 cubic feet, we see that 
with that fall a 6 in. pipe is suflScient for six houses ; 
but how often do we see and hear of owners of house- 
property being advised to lay down 9-in. pipes when 
several houses are to be drained by one drain, and 
sometimes even when only one house is to be drained? 
It is quite as easy to faU into the error of laying 
down too large a pipe as one too small, and of the 
two that error is the more often made. 

The few calculations given above are not intended 
to prove anything which is not already well known to 
those accustomed to this kind of work, for they neither 
make nor require such calculations, but only to prove 
to those who are inclined to lay down pipes of too great 
size that they not only do no good by it, but harm. 

The causes of stoppages of house drains and sewers.^-' 
Certainly many drain and sewer pipes have become 
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choked with solid sewage, and the fault has been 
mostly attributed to the supposed too small size, 
whereas the proper reason has more probably been 
that they have been badly laid, badly jointed, or of 
irregular form. As to the form of drain pipes it has 
already been said that they should be truly circular. 
As to the laying, sufficient care is often not taken to 
make the bottom of the trench of uniform inclination ; 
and as to the jointing, carelessness in this respect is 
the chief cause of stoppage. 

lu very stiff and retentive clay sewage cannot escape 
far away through bad joints, but it is certain (from 
actual observations) that wherever the ground is at 
all porous, large quantities of liquid escape through 
imperfect joints of drain and sewer-pipes. The liquid 
is the carrier of the solid portions, which have a con- 
stant tendency to settle to the bottom of the pipe, 
and if the liquid be insufficient in quantity to cause 
the necessary velocity (that is, if it be allowed to 
escape at the joints), the solid part of the sewage 
necessarily settles and chokes up the drain. And to 
be convinced of the extreme importance of attention 
to the jointing, it is only necessary to consider that 
during all the time this accumulation of solid sewage 
is taking place the drain is, in fact, a long cesspool, 
one end of which adjoins a dwelling-house. 

When 6 in. pipes have become choked with solid 
sewage it has often been supposed that that is too 
small a size for a house-drain, and 9 in. or larger pipes 
have been recommended as a remedy, instead of attri- 
buting the fault to its probably true cause — the in- 
efficient jointing of the pipes. But if a drain be so 
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laid that stoppage occurs from accumulation of solid 
sewage, the sooner the stoppage takes place the better, 
for as it takes a longer time to fill a 9 in. than a 6 in. 
pipe with solid matter, so much longer does the forma- 
tion of injurious gases continue. In the case of a 
sewer, the conditions are somewhat different, but not 
wholly. The dimensions are necessarily larger, but aa 
against this it must be said that there is a more con- 
stant run of water. 

For a sewer, a 9 in. pipe is the least size to be 
recommended, increasing to 12 in., and then larger if 
necessary, up to 18 in. or 20 in., but for a larger sewer 
than this, brickwork is often more economical, although 
pipes are sometimes used of a diameter of 80 in. and 
even more ; but they are very awkward to deal with 
satisfactorily. Pipes of moderate size are made 2 ft. 
long, exclusive of the socket, but pipes of large size are 
usually made longer — 2i ft. and 8 ft. — and they are 
very heavy, requiring special tackle to lower them into 
the trench, and when there they are difficult to handle, 
the room the pipelayers have to work in being but 
narrow. 

Form of the bottom. — The principle of confining the 
stream of sewage in dry weather to a narrow space in 
the bottom of a brick sewer of considerable size, as in 
Fig. 25, has sometimes been adopted for pipes, both 
large and small, but this form is not so good as the 
circular form for small pipes. 

Jointing. — It is the lower portion of the joint, say the 
lower half of the circle, which most requires to be well 
made and perfect. The liquid sewage, as has just been 
said, is the carrier of the solid portion, and if it be 

Digitized by VnOOglC 



HOUSE-DRAINS AND SEWERS. 



Fig. 25. 




Fig. 26. 




'"^^^y^-^-^^^^y^^^y^'^^y^^- ;fy^ 



Fig. 27. 




90 SANITARY WORK. 

allowed to escape at the joints, the solid part neces* 
sarily settles on the bottom of the pipe, and remains 
there unless flushed away, which may seldom or per- 
haps never occur. 

The joints of house drains and sewer pipes are often 
made with clay, but clay is not a good material for the 
purpose, unless it be well tempered outside the trench 
and made of a consistency so tough as to allow a long 
band of it to be suspended without breaking by its own 
weight. A band being thus made, by taking a lump of 
well-tempered clay and rolling it out on a planed board 
and flattening it out to a width of 1 J in., and a thick- 
ness of i in., it is laid round the lower portion of each 
socket, as in Fig. 26, before the spigot end of the next 
pipe is inserted. A good pipelayer will draw up the 
spigot end of each pipe until it touches the top of the 
socket, and then, when the pipe has been drawn 
"home," will let it drop vertically, and leave no space 
between the ends of adjoining pipes. 

Another material is Portland cement, but when this 
is used it is necessary to guard against portions getting 
into the interior of the pipe, there setting, and forming 
ugly lumps and obstructions. 

Sometimes a platted band of spun yarn is laid in the 
bottom of the socket, 1 J in. wide and J in. thick, when 
it is intended to leave the upper part of the joint open 
to dr}' the ground ; or if it is intended to make a close 
joint at top as well as bottom, several strands may be 
forced into the socket all round. 

Large numbers of sewer pipes have been laid without 
the precaution above mentioned, when either clay or 
cement has been used for the jointing material, the 
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spigot ends being inserted into the sockets without a 
proper thickness of jointing material under them to 
j>reyent the escape of liquid sewage, and to raise the 
spigot end up to the level of the interior of the adjoin- 
ing pipe, so that it drops below it and forms an obstruc- 
tion against the flow of sewage, catching particles which 
flow with the sewage, and gradually causing an accumu- 
lation of solid matter all along the bottom of the pipe. 
To provide against this a "rest" has been devised, 
formed on the outer edge of the inside of the socket, 
as in Figs. 28, 29, the jointing material being laid behind 
it, before the spigot end is inserted, and made con- 
tinuous round the lower haK of the socket, the upper 
portion being left open when it is intended to dry the 
ground; or, when it is intended to exclude ground 
water, the material may be continued over the upper 
half of the joint in the usual way. 

The width of the " rest ** is 6 in. for pipes of 12 in. 
diameter and upwards, and for the largest pipes 8 in. 
wide. The rest is formed in one with the pipe in the 
process of manufacture. A loose piece would answer 
the same purpose if it were sure to be inserted, but in 
practice it would probably seldom be placed in its 
proper position. 

To ensure that in circular pipes the rest shall always 
be in its proper position at the bottom of the pipe, a 
stud or indicator is formed upon the outside of the 
socket at the crown, diametrically opposite to the 
position of the " rest," so that, looking down into the 
trench, when the indicators are seen in line along the 
top of the pipes it may be known for certain that the 
rests are in their proper positions at the bottom. 
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There are other forms of joint which bring up the 
spigot end to the proper level, such as that devised by 
Mr. B. C. Cross, C.E., shewn in Figs. 80, 81, where 
the bottom portion of the pipe on the outside is made 
flat, and the bottom portion of the socket joint is 
rebated. 

Where, as in an outfall sewer pipe through fields, it 
is the intention to keep out ground water, as tending 
to increase too much the quantity of sewage, the joint 
devised by Mr. Stanford is useful, shewn in Figs. 82, 
33, and which is formed by casting upon the spigot 
end and in the socket of each pipe, rings of material so 
that when the pipes are put together they fit closely 
into each other all round; but these pipes do not 
admit of the ground water being drained into them 
through the upper portion of the socket. When the 
sewage has to be pumped to a higher level than the 
outfall of the sewers it is proper to keep out all ground 
water, and whether it be pumped or not, if the ground 
is so full of water that any large quantity would come 
into the sewers through openings in the upper part of 
the joints, the sewers should not be made to act as 
drain sewers; but where the quantity of water is 
small, and yet suflicient to keep the ground damp, it is 
advisable to admit it in the manner named, a barrow* 
ful of gravel or other hard dry material being placed 
over each socket as in Figs. 26 and 27- 

The general effect of a sewer is to dry the ground, 
whether it be specially provided for or not, but if it is 
really desired, some proper means of accomplishing it 
should be provided, such as through the upper part of 
the joints, and not leave it to chance ; but if the 
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quantity is great, a drain pipe under or at the side of 
the sewer pipe is necessary. In low-lying gravel beds 
this diversion of the ground water from the sewers 
saves serious inconvenience at the outfall, but these 
are exceptional cases, and not sufficient to found a 
rule upon that the upper part of the joints of sewer 
pipes should in no case be left open. 

In June, 1869, a paper was read before the Geo- 
logical Society of London by Mr. William Whitaker, 
B.A., F.G.S., on the connection of the geological 
structure and the physical features of the south-east 
of England, with the consumption death-rate. The 
subject had already been discussed in detail (Eeport 
of the Medical Officer of the Privy Council for 1867, 
pp. 14 — 17, and 57 — 110), yet Mr. Whitaker 
thought it would be well to state the chief facts 
of the case from a geological point of view, the 
method of investigation followed, and the conclusions 
come to. 

Dr. Buchanan had previously been appointed by the 
Privy Council to inquire into the results of sanitary 
improvements in England. With this object he visited 
twenty-five large towns in which various works, de- 
signed to promote the public health, had been for 
some years in operation, and his investigations led to 
the conclusion that consumption had been very mate* 
rially affected. This disease, however, had not de- 
creased in all cases, and on examination it turned out 
that the lowering of the consumption death-rate went 
along with the decrease of water in the subsoil by 
improved drainage ; and this led Dr. Buchanan to 
suggest that it might be well to see whether natural 
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causes which affect the saturation of the subsoil, had 
not also some connection with consumption; or, in 
other words, whether places on those geological forma- 
tions which allowed the free drainage of water would 
not have a lower consumption death-rate than places 
on less pervious or damper beds. 

As in the south-east of England the surface-deposits 
of gravel as well as the regular formations of clay and 
other strata were shown upon the geological maps, 
that part of the country was chosen for investigation, 
and divided into 58 districts, Mr. Whitaker being 
associated with Dr. Buchanan in the inquiry. The 
plan was " to select out of the 58 districts such as are 
most comparable with each other in regard of their 
position and geological structure, and to see how their 
phthisis is affected by the perviousness or impervious- 
ness, elevation or lowness, slope or flatness, in the 
members of such more limited series." The results 
were as follow : — 

(1) On pervious soils there is less consumption than 

on impervious soils. 

(2) On high-lying pervious soils there is less con- 

sumption than on low-lying pervious soils. 

(3) On sloping impervious soils there is less con- 

sumption than on flat impervious soils. 

(4) These inferences must be put along with the 

other fact, that artificial removal of subsoil 
water, alone, of various sanitary works, has 
largely decreased consumption. 

From which follows the general inference, that wet- 
ness of soil is a great cause of consumption, no other 

H 
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condition having been found, in the course of these 
inquiries, to go along with the consumption death-rate 
to any great extent. 

I have introduced these quotations from Mr, Whit' 
aker's paper (which was given in the " Geological 
Magazine " of November, 1869, and publi&hed in sepa- 
rate form by Messrs. Triibner & Co.), in support of 
the assertion that the upper part of the joints of sewer- 
pipes should be left open. 

It is necessary, however, to point out that these 
openings will not receive any water — or will not re- 
ceive much of the water — until the ground below the 
pipes, and up to the level of their middle, has become 
super-saturated; the water then overflows into the 
pipes through the openings. This points out that the 
sewers should be laid at a considerable depth, for, if 
not, the water would sink below them and stand at 
some uncertain level, which might be but little below 
the sewers, and thus the drying of the ground would 
not be attained. 

Mode of Laying Pipes. — ^A common way of laying 
pipes, but a very wrong one, is to lay them down 
upon the bottom of the trench so that the bearing 
points are the two ends only, the body of the pipe 
being unsupported. Two serious defects in the drain 
occur from this. Firstly, the weight squeezes out 
the clay or cement with which the joint is made, 
and the spigot-end of one pipe falls below the 
socket-end of the next one, causing an inequality 
of the bottom at every joint; and, secondly, the 
pipes thus lie hollow, being supported at the two 
ends only, and when the trench is filled-in the super- 
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incumbent weight has a great tendency to break them. 
They should lie solidly all along the body of the pipe 
upon the bottom of the trench, a hole being made to 
receive each socket. If the bottom of the trench be 
trimmed to an even gradient the pipes will then lie 
concentrically, and the joints can be properly made. 

Refilling the trench.— In refilling the earth into the 
trench the small stuff should be first thrown in, and 
the spaces between the pipe and the sides of the 
trench should be wtll filled, so as to prevent future 
sinking by leaving hollows under the sides of the pipes. 

The bottom of the trench having been filled up to 
the middle of the pipe with the most retentive of the 
earth thrown out, gravel should be thrown in, all 
along the trench, sufficient to cover the sockets of the 
pipes ; but where so much gravel is not procurable 
within reasonable distance, sufficient at least should 
be procured to block the front of the open sockets and 
prevent dirt falling in. 

The remainder of the filling-in should be done in 
regular layers of not more than 6 inches in depth, 
and each layer should be well rammed before another 
is thrown in, except when the ground consists of 
gravel or sand, in which case, or in either of them, 
ramming is useless. The best means of consolidating 
dry sand is to wet it, and as to clean gravel it will 
settle of itself into its own position. But ground con- 
sisting of clayey gravel or gravelly clay is often met 
with, and in such cases ramming is necessary. One 
rammer or punner should be employed for every man 
filling in. 

If the ground in which a sewer is laid cpnsists of a 
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bed of sand, precaution is necessary to prevent it 
being carried into the drain or sewer through the 
upper part of the joints of the pipes which may be left 
open, as has been said, and in this case the gravel or 
small stones previously mentioned as to be placed in 
front of the upper part of the socket joints of the pipe, 
should be so placed as to act as a filter to the sand, 
and so prevent its entry into the pipe. But if the 
ground be of the nature of a quicksand the joints 
cannot be left open. 

Bad Ground. — The possible existence of a quicksand 
bed at the depth at which it may otherwise be advisable 
to lay a sewer is one of the strongest reasons why nu- 
merous triaLholes should be dug to the intended depths 
at intervals along the lines of intended sewers. If the 
sewer be begun and continued with such a gradient 
as brings the bottom into a bed of quicksand at some 
higher portion of the work, it must be continued at 
that gradient, however difficult and expensive the 
work may be ; but if this had been foreseen it might 
probably have not been difficult to make the gradients 
such as would have avoided the necessity of laying 
the invert of the sewer in such ground. But when- 
ever ground of this kind is met with, stable litter will 
be found useful, to pack in behind the poling boards 
and to drive in between them. 

If, with all precautions of close-timbering and the 
use of stable litter, tow, or cotton waste, the ground 
still rises in the bottom, some special means of car- 
rjdng off the water, other than by pumping, must be 
adopted ; but no general method can be stated which 
would answer in all cases. A bed of concrete would 
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answer probably in most cases if the movement 
of the water could be prevented, and so prevent 
the Ume or cement being wa^h^d out before the 
concrete has had time to seti ; :l§iiBet; piling,; br 
close planking, has to be resorted Jjo^sopj^tiv^^: * Ijv , 
deed the expedients are numerpu&^:Ti^y''"ft^^all'^-/^ 
pensive, and a few yards of such work cost more 
than a great many trial holes. Mr. Beade of Liverpool 
adopted a method which would answer if it would not 
have the eflfect of carrying away the sand with the 
water, and so either blocking up the waterway or 
carrying the sand clean away to the outfall, the result 
of which would probably be a settlement of the ground 
near the sewer. The method was to lay in the bot- 
tom half-round pipes with the flat side downwards, 
or, rather, pipes of the form of the letter Q reversed, 
through which the water ran away, the sewer-pipes 
being laid on the backs of these drain-pipes^ in saddles, 
the two lines of pipes breaking joint. 

Taper Pipes. — In Shropshire taper pipes are made, 
20 inches long, the internal diameter of the larger end 
being slightly greater than the external diameter of the 
smaller end, allowing the small end of one pipe to enter 
the large end of another. I am inclined to think that 
this shape is better than abrupt sockets for steep 
ground, say, where the inclination exceeds about 1 in 30, 
as it often does in hilly ground, The advantage of this 
form is that the sewage has a clear drop from the end 
of one pipe into the next one. 

The series of steps thus formed is very useful in 
checking tlie too great rush of sewage where the de- 
scent is continuous. Hitherto these pipes have been 
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used chiefly for land-drains. They are made of the 
common clay of the locality, which is of better quality 
^fqr j)ipes .than most other clays with which I am 
d^4yi^iiit^Ai** ^o^^teUpipes, of 6 in. and 9 in. diameter, 
are.madfi .of.th^ same clay, but they are not salt- 
^glaiea;ax]ia'dt&.sotn%i\(k'at rough internally, and some- 
what porous. To remedy this and yet make use of 
local materials, which I think should always be done 
if possible, I have treated them after the manner of 
Dr. Angus Smith's process, dipping them into the 
melted pitch of coal tar. The raw tar may be used 
if turpentine be added as a drier, say, half a pint to 
a gallon of tar. The process is not an expensive 
one. 

Dead Ends of Sewers. — ^In cases where stoppages 
have occurred near the upper ends of sewers — the 
dead ends, — the quantity of liquid is often not suffi- 
cient to produce such a velocity of the whole sewage 
as will carry along the more solid part, which 
settles gradually until it fills the pipe. For this 
reason the sewage of several of the uppermost 
houses on each side of the sewer, say half a dozen, 
should be collected in one 6 in. pipe before its 
entry into the sewer, wherever that is practicable. A 
flushing tank is desirable at every dead end of a 
sewer, but where the sewage of some dozen houses 
cannot first be thus collected, it is essentially 
necessary. 

One of the chief causes of stoppage of drains 
and sewers in which there is an insufficient run of 
water is the fine sand used at public-houses to scout 
tlie metal pots, and for other purposes. This, being 
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ased in large quantities, soon chokes up the trap in 
the back yard or scullery, and the trap is frequently 
removed to save the trouble of emptying it. 

Drains under Hovse-floors. — In rural sanitary dis- 
tricts the drain seldom need be laid under a house 
floor, but when that is necessary it should be sur- 
rounded with concrete to prevent the possibility of the 
escape of foul air into the house, especially when it lies 
ander a boarded floor. 

But by far the best drain under a house floor is a 
cast-iron pipe, the joints^ of which are caulked and run 
with lead in the same manner as for gas and water 
pipes. The pipes being 9 ft. long, there is only about 
one fourth of the number of joints. 

Junctions of Drains and Sewers. — The junction of a 
house-drain with a sewer, or the junction of a branch 
with the house-drain, should in every case be turned 
in the direction of the flow of sewage in the channel 
with which the junction is made, and should never 
enter it at right angles. For this purpose junction 
pieces are attached to pipes in an inclined direction, 
into which, when the general direction of the drain or 
branch is required to be at right angles with the 
sewer or the drain, a bend pipe may be inserted, 
which will bring the lead of the pipes into the required 
direction. 

The direction of a drain or sewer, however often it 
may be necessary to change it, should always be in 
straight lines, joined with bend pipes. Straight pipes 
eannot be laid in a curved direction with any proper 
regard to good jointing. 

Short branches. — Inasmuch as it is nec^ssarv that 
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there should be a trap upon every branch of a dmin, 
it follows that branches should be as short as possible, 
and to this end the line of the main drain should 
follow the positions of the several traps. This adds a 
little to the length of the main drain, but the preven- 
tion of stagnant air in long branches is thus prevented. 
In the drainage of a quadrangle or wide court, the 
main drain should surround the court, so as to come 
within a short distance of every trap, rather than be 
carried across the court the nearest way to the en- 
trance, with long branches to the several traps, as re- 
presented in Fig. 88a. The extra length of drain 
required is well compensated for by the shortness of 
any branch in which stagnant air can accumulate. 
The lines of drain should be those shown by full lines 
on the diagram, and not as shown by the dotted lines. 
The surface drainage of rainwater is in this case in a 
direction away from the centre and towards the sides, 
the centre of the area being for this purpose a little 
elevated. If the centre of the area must be sunk be- 
low the sides, and the rainwater drainage therefore all 
brought to the centre, then one long branch becomes 
necessary, but it is better avoided, by throwing the 
rainwater drainage towards the sides, and into several 
traps instead of into one, and so distributing the bene- 
ficial eflfect of the flow of rain water. 

In such a case as that represented, there should be 
a ventilating pipe, 5 in. diameter, at each of the places 
marked V, terminating with an open end above the 
roof, but not immediately under any dormer window, 
and not at the same level as the top of the nearest 
chimney if the distance is less than, say, 10 ft. 
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Terminations of Hovse-drains. — The points up to 
which separate branches of a house-drain are re- 
quired to be laid are, in general, as follow. The 
cellar; the scullery sinkstone; the lowest part of 
the yard or paved surface about the house, to receive 
the rain-water or surface-drainage; the water-closet, 
if there be one ; and, in large houses, the butler's 
pantry. The drain should be brought up from its 
lower end of such a depth as to allow the extreme end 
of the farthest branch to be not less than 2 feet below 
the surface of the ground, the inclination of each 
branch being calculated at 1 in 30. 

Sometimes the drain is carried through the scullery 
wall and terminated under the sinkstone, thus making 
a direct communication between the interior of the 
house and the drain, whereby the foul gases of the 
drains and sewers are invited into the house ; for 
although a trap may be placed on the end of such 
a branch drain, it will not at all times prevent the 
foul air coming through it into the scullery, and thence 
probably into the house. It is very much better to 
terminate the drain outside the wall, and place a trap 
upon it there, and to discharge the sinkstone-water 
into that trap, so that at those times when the foul 
air of the drains may escape at that point they do so 
in the open air, and are there less injmious than when 
they escape into the house. Very little better than none 
is (or rather was, for people now see the fallacy of 
It) a ** bell trap " at the mouth of a pipe in a sink- 
stone, the other end being inserted into the drain. 
These traps act as traps only when the cover is in 
its place (and very imperfectly even then), and they 
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SO frequently become choked with tea-leaves and 
grease, that a remedy for this is often found in throw- 
ing away the cover altogether and leaving the end of 
the pipe open. 

As to the kind of trap to be placed outside the wall 
to receive the sinkstone-water, and also for the yard 
gulley, to receive the surface-drainage, there are se- 
veral kinds in common use. 

Iron box-traps are neat in appearance, but they 
are objectionable, inasmuch as that, unless very well 
and carefully set, the foul air of the drain comes up 
through openings left round them between the trap 
and the setting — usually a few bricks in mortar or 
cement : but when properly and closely set they an- 
swer very well. 

The earthenware trap is much better in this respect. 
The spout projects into the socket of the last drain- 
pipe, and it is easier in this case to make the joint 
air-tight. These traps, or yard galleys, are, however, 
often made too deep — to hold too much. The less 
space there is for lodgment of solid matter in a trap 
the better. The only excuse for making a space larger 
than is necessary to form the water-trap is that it 
requires cleaning out so much the less often ; but this 
is of itself an objection. While the matter lies there 
it is decaying and giving off foul gases, and it is better 
that it should go to the soil as quickly as possible 
than that it should be retained (undeodorised and not 
disinfected) in traps for any considerable time. 

The same kind of trap serves for the two positions 
named, and in many situations the same trap serves 
for both purposes, when the surface channel of the 
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paving of the yard is laid so as to drain the surface 
water into the trap, outside the kitchen or scullery 
wall, opposite the sinkstone. 

Traps in these positions are always at the head of a 
drain or hranch drain, where there is no constant run 
of water through them, and the sediment they collect 
must either be flushed out into the drain with water, 
occasionally, or it must be taken out and disposed of 
on the surface. This consideration really opens two 
wide questions of principle in town drainage — whether, 
that is to say, sedimentary sewage should all be sent 
into the drains and sewers, and thence to the outfall, or 
whether as much of it as possible should be kept out 
of the drains and sewers by being caught in cesspits, 
and removed from them as occasion requires. If we 
go far enough back we should find that formerly sewers 
were of very rough construction, very large, and of a 
form which did not facilitate the passage of sewage 
through them, but rather induced settlement upon the 
bottom, and especially the heavy road detritus washed 
in by rains from broken stone or gravel roads. Catch- 
pits or street gulleys were made to keep out this heavy 
material. They were not at first " trapped," but were 
merely for the purpose of catching the mud from the 
roads. When, however, it became a frequent occur- 
rence that people were made ill by the stench from 
these open street gulleys they were trapped. Then, 
when more attention came to be paid to house 
drainage, a similar system was adopted, with this 
difference, that the first consideration was to keep 
back the foul air of the drain by a trap, rather than to 
retain the waste solid matter of the sewage, but as the 
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foul air was trapped by forming a depression, which 
was filled with water, it naturally collected the solid 
filth and allowed the liquids only to overflow into the 
drain ; and so it is to this day, with many of the forms 
of traps used. This retention of solid filth in small 
cesspits close to houses is a nuisance which ought to 
be done away with now that sewers are made of a form 
to carry oflf what comes into them, and now that house 
drains consist of glazed circular pipes which caiTy 
forward the solid filth as well as the liquid direct to the 
sewers and to the outfaU. 

In a yard gulley, or any trap at the head of a drain 
or branch drain, such as that which receives the refuse 
firom the scullery sink, there is no continuous run of 
water through it, and the sediment should be flushed 
away firequently, and regularly in point of time. When 
the depression is not too great this can be done with 
certainty by taking oflf the iron grating and throwing 
down a pailful or two of water every day, as a part of 
the regular household duties, provided the form of the 
trap-bottom is such as to allow the sediment to be 
readily flushed out. The bottom should be circular 
and the outlet of easy form. The flat bottom of a 
** mason's trap " does not allow of this easy flusliing. 
There are exceptional situations where a flat bottomed 
large trap is the best thing that can be applied, such 
as for a grease trap at a country house where there 
are stables near the house and where rats are numerous, 
which infest any drain into which much grease is 
discharged, for although the drain may be of proper 
pipes, well jointed, they come up from the lower end, 
and it is not desirable to promote their life by sending 
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grease into the drain for them to feed upon. Other- 
wise^ traps should be of such form as to allow the refuse 
they collect to be flushed out into the drain. In most 
traps at the head of drains and branch drains, openings 
are made for the purpose of cleaning out the sediment. 
Where there is a garden belonging to the house, so 
that the sediment can be dug into the ground, this way 
of emptying the trap is as good as any other, perhaps 
better, but where there is no such garden the sediment 
IS difficult to dispose of satisfactorily on the surface of 
the ground. It is to be observed that the sediment 
collected in house drain traps is not heavy, like the 
gritty road detritus in street gulleys; and it may safely 
be washed into the drains and sewers where there are 
no convenient means of dealing with it on the surface ; 
and as the drains are made purposely to carry oflf the 
sewage they should be put to their proper use, and the 
retention of filth in small cesspits near houses should 
be done away with. It is important to have a good 
supply of water, for this as well as for other purposes, 
but if the supply is not so good as it should be, in 
point of quantity, there yet need be no hesitation in 
getting rid of the gulley sediment in this way by 
throwing into the traps the ordinary waste water of 
the house, and properly flushing them out once a week. 
The best thing for flushing the trap at the head of a 
drain or branch drain is a Field's or a Shone's flush -tank. 
The flush-tank is sometimes used as a trap, the refuse 
of the scullery sinkstone passing into it, but this is bad 
economy; it is of the wrong form for a trap; its proper 
use is to be placed on one side, and so that the long leg 
of the syphon pipe discharges into the proper trap. 
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Disconnecting-l^raps, or Intercepting-Traps. — The 
usual size of a house drain is 6 in. diameter, with 4 in. 
branches. The sectional area of a 6 in. pipe is 28 
square inches, of which one tenth part is but seldom 
occupied by sewage, nine tenths or more being at most 
times occupied by air. This air space of the drain is, 
at its lower end, in communication with the sewer. A 
good deal has been said upon the necessity of placing 
a trap in the drain to prevent the sewer air approach- 
ing the house. If there is an infectious disease in a 
house the infection may, it is said, pass down the 
drain of that house and up the drain of another one 
connected with the same sewer, and therefore the air 
of the sewer should be separated from that of the house 
drain by a trap. The trap, evidently, should be placed 
at or very near the sewer, because the air in that part 
of the drain between them will be stagnant, and there 
should be no stagnant air in a house drain. 

But in how many cases can this be done, practically ? 
Where such a trap must necessarily be placed at a con- 
siderable distance from the sewer, and in fact much 
nearer the house than the sewer, this length of drain 
must contain stagnant air, a fault which no other con- 
sideration can excuse. To lead sewer air up to a house 
and there stop it by a trap in the drain, is contrary to 
one of the fundamental principles of house drainage, 
and perhaps the most important one to be kept in view. 

Where a disconnecting or intercepting trap cannot 
be placed much nearer the sewer than the house, 
the air passage should be continuous through a suffi- 
ciently large pipe to the roof, and above it. If there 
are water-closets on the upper floors the vertical soil 
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pipe may serve the purpose of preventing stagnation of 
the air, if it have an open top ; and in other cases a 
special ventilating pipe should be erected, not less than 
4 in. diameter, but 5 in. is better. As to ventilating 
pipes in general, what they mostly do is to prevent 
stagnation of the air in the drain. Occasionally, or 
even frequently, the air passes pretty strongly upwards, 
but usually very gently. The air passes upwards or 
downwards according to one or other of several condi- 
tions, one of which is the rise or fall of the sewage in 
the sewer ; another, the direction of the wind in rela- 
tion to the direction of the line of sewer ; another, 
the temperature of the sewage in the sewer at different 
times of the day, and in different localities in the same 
system of sewers. These variable conditions are beyond 
control. What really can be done is to prevent stag- 
nation of the foul air, by which it gathers injurious pro- 
perties from day to day, and ultimately escapes in a 
concentrated form at places where it is most injurious. 
But where a disconnecting trap can be placed at or 
very near the lower end of a house drain, it should be 
so, and an opening made on the upper or house side of 
the trap, and close to it, to admit fresh air from the 
atmosphere into the drain, the opening being covered 
with an iron grating with plenty of space between the 
bars, not merely a few holes, which soon get stopped 
up with dirt. The kind of trap often used for this 
purpose is the dip pipe, or inverted s}T)hon, sometimes 
called a line trap. Another is Mr. Buchan's form of 
trap, which has a 2 in. drop into it, and this is in its 
favour. Another is Mr. Hellyer's, which is essentially 
the same, but has a 6 in. drop. The cross sectional 
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area of a trap is usually made the same as that of the 
drain — a 4 in. trap for a 4 in. drain, 6 in. trap for 6 in. 
drain, &c. ; this is wrong ; and Mr. Hellyer's trap is 
made smaller in the throat than at the ends ; it is a 
matter of experience that the force of water from one 
house is at most times not sufficient to prevent the^ 
solid matter of the sewage settling in the trap. Its 
sectional area should he less than tiiat of the drain, to 
insure a sufficient velocity through it to prevent its 
silting up, because while there may be but little depth 
of water in the drain, the trap must be always full, in 
the throat, and in ordinary times the quantity of 
sewage coming down the drain does not produce a 
sufficient velocity through a trap of the full sectional 
area, to carry forward the suspended matter flowing 
with the sewage, which consequently lodges in the trap 
and gradually fills it up. 

The principle of contracting the throat of a trap was 
first applied to water-closet traps by Mr. William 
White, F.S.A., architect, but the forms suitable to 
the two positions are different. The position of the 
disconnecting trap of a house drain requires that it be 
adapted to its special situation. 

The top or roof of a water trap must be brought 
down below the level at which the water stands. The 
surface of standing water is horizontal. When the 
throat of a trap is circular in cross section, at top as 
well as bottom, the sides (of the top) are immersed to a 
greater depth than they need be, for the crown or 
highest point must be brought down below the level of 
the standing water, and all other parts but the very 
top are immersed to an unnecessary depth, and obstruct 
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the passage of the solid matter flowing with the 
sewage, some of which floats upon the surface of the 
stream, which is horizontal. The part of the trap 
which dips into the water should be horizontal like- 
wise ; the throat of the trap should be, in cross section, 
circular at the bottom and horizontal at the top. This 
has been done in the " Quick-motion or Flushing 
trap," shown in i'igs. 34, 36, 36, 37. In the applica- 
tion to watercloset traps the cross section is elliptical, 
as applied by Mr. White, and this seems the best form 
for that purpose. In either form the throat is con- 
.tracted to one half of the fiill sectional area of the 
drain pipe, but not so much as to offer a mechanical 
obstruction to the flow of the sewage. The velocity 
through these traps is twice as much as can take place 
through the ordinary form. The size of disconnecting 
trap made suitable for a 6 in. drain allows the maxi- 
mum quantity of sewage to pass through it without 
backwater during the heaviest known fall of rain, that 
is, ^ in. in depth in Ave minutes. The area allowed 
for one house and its appurtenances is 820 square 
yards. This is much more than the average area ; it 
is equivalent to five houses only on an acre of ground, 
and is double the average area per house in towns — 
the area, that is, from which proceeds the rainwater 
carried off by a house drain. It may then be taken 
that this trap; as made for 6 in. drains, is large enough 
to pass the greatest quantity of water coming to it| 
while, on the other hand, it is small enough to compel 
the water and sewage to pass through with a greater 
velocity than it can possibly have when the sectional 
area is the same as that of the drain pipe itself. The 
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head of water needed for this is not more than 4 in., 
which is always practicable in a house drain, and is 
provided for at the air opening by laying the drain on 
the lower or sewer side of the air opening 4 in. or 5 in. 
lower than on the upper or house side of it. The level 
at which the connection of the drain with the sewer 
must be made is of course fixed and unalterable, but 
there is always a sufficient faU between the two ends of 
the drain to allow of this head being obtained where it 
is wanted. 

The bottom of the air opening is formed in such 
manner as to cause a quick horizontal motion of the 
sewage into and through the trap, thus sluicing away 
the solid matter, and this is facilitated by making the 
top or roof of the throat of the trap horizontal, be- 
cause the depth to which it is immersed is the same 
from side to side of the trap, giving much easier passage 
to any floating matter. 

If the air opening is built of brickwork, founded on 
concrete, say 9 in. x 9 in., 14 in. X 9 in., or 14 in. 
X 14 in., in the clear, according to the depth of the 
drain, the bottom may be formed to the proper shape 
with fine concrete, or of a separate piece of gfazed 
earthenware, supplied with the trap. Instead of brick- 
work and a bottom piece of earthenware, the whole 
thing may be made in earthenware, like Mr. Hellyer's 
trap, with a large pipe carried up to the surface and 
covered with a grating. 

Water-trapa in general. — ^Whatever the form of a 
water-trap may be, it consists essentially of a vessel 
full of water, across which, from side to side, is placed 
a diaphragm, or some vertical intercepting part of it. 
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the lower edge of which is horizontal and dips into the 
water. The extent of the dip seldom, if ever, exceeds 
2 inches, and is more often 1 inch, and even sometimes 
less. The greater dip is intended to offer a complete 
obstruction to the passage of air from one side of the 
diaphragm to the other; but water absorbs gases, 
and in this way they pass through it under the dia- 
phragm and escape on the other side ; and it is now 
understood that no form of water-trap whatever pre- 
vents, at all times, the passage of gases through it. 
The times when it mostly fails to prevent their pas* 
sage are when they are driven upwards from the drain 
towards its upper end where the trap is situated, and 
there attain an elastic force greater than the atmo- 
sphere on the other side of the trap, when the pres- 
sure acts mechanically to increase the quantity of air 
passing through the trap, which at those times is seen 
(when persons are sufficiently observant of these 
obscure but dangerous small things) to escape in 
bubbles; and it is now also well understood that 
means of escape for these foul gases from the drain into 
the atmosphere must be provided in front of the trap. 

Nearly all inlets to drains at the gl'ound-level are 
near the doors or windows of dwelling-houses, and 
therefore the foul gases should not be allowed to 
escape at those points, under our noses, as it were. 

It is necessary to observe that sewage, immediately 
on its entry into a drain, begins to give off the gases of 
decomposition, and continues to do so until it is buried 
in the soU at the outfall. 

These gases are declared by the medical officers to 
be highly injmious to health. It may be, some of 
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them say, that the gases themselves are not injurious 
to health, but only offensive to the senses, and that it 
is the specific germs of disease which they convey 
which are to be feared ; but they say again, in expla- 
nation, that even if the gases be not injurious of 
themselves they become practically so by acting as the 
carriers of the germs which are so, and therefore are to 
be prevented coming into dwelling-houses. 

If a water-closet is to be connected with the house 
drain the form of trap belonging to it will be different 
from those abeady mentioned, and will depend upon 
the kind of closet apparatus adopted, the simplest 
kind being an earthenware pan with a trap of the kind 
called the syphon-bend, or S pipe, into the upper end 
of which the neck of the pan is inserted, and the lower 
end of the trap is inserted into the socket of the last 
pipe of the branch drain, in the same manner as the 
spout of the yard gulley already described. 

Water-closets. — Many of these pans and traps have 
been fixed without any water supply from cisterns and 
pipes, and in some places with very good results, being 
kept clean by throwing down them the contents of the 
slop-pail, and in addition to that several pailsfuU of 
water daily as a part of the regular household duty. 

The shape of these pans is often objectionable, the 
neck being made directly under and concentrical with 
the rim. 

There is a shape in which the back of the pan is 
vertical, the contraction from the rim to the neck 
being managed in the front and sides of the pan. 

These are more easily kept clean. The pan and 
trap should be well supported, and firmly bedded on 
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concrete or brickwork, and the joints made perfectly 
air-tight. In converting a common privy and cesspool 
into a watercloset, the cesspool is sometimes merely 
filled up with earth and the pan and trap set upon that ; 
but the settlement that takes place disturbs the joints 
and lets the foul air of the drain escape through them 
into the closet. 

There are several kinds of water-closet apparatus of 
a more complicated kind, with various forms of traps. 
The worst kind is the pan-closet, in which a tinned 
iron or copper " pan *' works in an iron " receiver." 
The receiver is a cast-iron box, large enough to allow 
of the motion of the hinged pan, and therefore of con- 
siderable size. The interior of the receiver soon 
becomes coated with the soil discharged into it from 
the pan, and is a permanent cause of offensive smell 
in the closet ; for a quantity of the foul air in the 
receiver is drawn out of it every time the closet is used, 
equal in volume to the contents of the pan ; the action 
being one of those everyday things which illustrate one 
of the principles of physical science — that two bodies, 
as water and air, cannot occupy the same space at the 
same time. This is the kind of closet apparatus 
usually recommended by plumbers who have not had 
much experience in these things ; and therefore it is 
lecessary that owners and occupiers of houses should 
enquire for themselves into the action and the merits 
of these and other things with which dwelling-houses 
are famished by plumbers and other tradesmen, who, 
in some branches of their business, are, no doubt, 
good enough workmen, and understand what they do 
in those branches, but who, as a rule, certainly know 
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very little indeed about the proper construction of 
water-closets and their appendages of cisterns, pipes, 
and valves, — judging from what we too often see ia 
houses in small towns. 

The motion of the pan, swinging backwards and 
forwards in the receiver, disturbs the equilibrium 
between the air-pressure in the receiver and the out- 
side, causing at times a partial vacuum and at other 
times a plenum of air in the receiver. To remedy 
this a hole is made in the cover, or somewhere near 
the top of the receiver, through which the foul air is 
driven on the descent of the pan, and through which 
air is drawn into the receiver on the ascent of the pan 
to its position of rest ; thus a constant pumping of 
foul air out of the receiver into the closet goes on, 
unless the further remedy be adopted of attaching a 
pipe to this hole in the cover of the receiver and 
leading its other end through the wall into the outer 
air ; and the effect of this is usually spoiled by making 
the pipe too small in proportion to its length, and too 
tortuoils in its course, so that the obstruction caused 
by the friction due to the velocity with which the air 
must pass through so small a pipe is suf&cient to 
prevent the intended motion; for it must be observed 
that the operation is performed quickly, and therefore 
through a small pipe the air must pass with great 
velocity ; but obstruction to the motion of air caused 
by friction against the sides of a pipe increases as the 
square of the velocity, divided by the diameter of the 
pipe, so that whatever the obstruction to a given 
volume of air passing through a given length of 2 in. 
pipe in a given time might be, it would be thii-ty-two 

Digitized by VnOOglC 



HOUSE-BRAINS AND SEWERS. 121 

times as much in a 1-in. pipe of the same length. When 
a small pipe is attached with the intention of venti- 
lating a drain or soil pipe the object is defeated, for the 
reason just stated. The foul air prefers the easier 
passage through the opening of the basin, contending 
with the disturbed motion of the water, which allows it 
to pass by it into the apartment. The putting up of a 
small ventilating pipe is one of those things — and there 
are many — in which a mere meddling is worse than 
doing nothing. 

Better than the pan closet is the form shown in Fig. 
38, with a plug valve and direct pull (Jennings's), but 
by doubling the pipe under the basin the essential re- 
quisite of a straight continuation of the soil pipe up- 
wards is overlooked, or is not possible of accomplish- 
pnent, in this form. True, a pipe may be attached to 
the bend under the basin and led away to serve as a 
ventilating pipe, but it must be a small one, and it 
would be altogether an improvement if the trap bend 
were turned round in the direction of the dotted lines 
in the figure, so that a vertical ventilating pipe might 
be continued straight upwards from the soil pipe. The 
desired support of the basin is easily managed in 
another way. 

One of the best forms of watercloset basin — best 
because simplest and yet efficient — ^is the " Washout '* 
basin (Woodward's), Fig. 39. It is free from all com- 
plication of valve or machinery, the form of the basin 
allowing the soil to be washed out into the soil pipe by 
the flush of water. The ordinary hopper or " cottage " 
closet basin has already been mentioned. I refer to 
these three forms only, because I am bent on recom« 
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mending in these, as in other parts of sanitary work, 
simplicity and the avoidance of complications, as much 
as possible, having regard to efficiency. 

Fig.b8. 



Ul 




Foul Soil Pipes, — ^A soil pipe is part of the house 
drain, whatever the angle of its position. Sometimes 
a soil pipe is inclined at an angle of 45° or some other 
angle between the horizontal and vertical positions, 
and this is extremely bad construction. When a drain 
pipe is nearly horizontal the solid part of the sewage is 
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carried away in the water, the two going together, but 
when steeply inclined the water runs away from the 
soil and leaves it adhering to the inside of the pipe, 
coating the bottom of it, from which injurious gases 
arise and attack the upper part or roof of the pipe, and, 
if it is of lead, perforating it after a sufficient length 
of time. A soil pipe should be truly vertical, and this 
is the usual position, but even a vertical pipe is more 
likely to be fouled than one lying nearly horizontal, so 
that the soil and water pass off together. All the old 
soil pipes I have seen removed have been very foul 
inside, and some of them have been even thickly coated 
with soil, and my own observations have been con- 
firmed by every plumber I have spoken to on the 
subject. The direction in which the soil is discharged 
into the vertical pipe from the closet basin is sufficient 
to account for this ; it is not discharged straight down 
the pipe, but across, from the mouth of the branch. 

Considering that every vertical soil pipe should be 
carried up beyond the branch, or branches, however 
many, and terminate with an open end above the roof 
so as to allow of the passage of air up or down as 
circumstances from time to time demand, in order to 
prevent undue compression, and consequent effort of 
the foul air to find a way of escape, it is inevitable that 
the branches must discharge the soil in a direction 
across the vertical pipe, but it may immediately be 
directed down the centre of the pipe by means of a 
taper pipe, called a Concentrator, by which the soil 
and liquid which accompany it are confined to the 
central portion of the pipe, and do not foul the sides. 
This is shown in Fig. 40. Below the taper pipe, or 
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ooncentrator, and in one piece with it, is a short length 
of vertical pipe, of less diameter than the main vertical 
pipe, and this guides the flow down the centre of the 
main pipe. The top of the taper pipe is of the same 
diameter as the soil pipe. At the top and bottom end 
of the concentrator, which is 18 in. in length, are 
flanges by which it is attached to the soil pipe, with 
air-tight joints. Before putting it into use many 
experiments were made to ascertain the least diameter 
for the short vertical piece of pipe, which is 6 in. long, 
and, using each time IJ gallon of water to represent 
the water flush of a common closet, it was found to be 
impossible to make such things as paper, a duster, or 
piece of flannel lodge in the concentrator when the 
pipe was 2 in. diameter ; if such things pass the trap, 
they will pass the concentrator when 2 in. diameter. 
It is however in practice made 2 J in. internal diameter, 
and the soil pipe 4^ in. But, the same principle 
being observed, these dimensions may be 8 in. and 5 in. 
respectively if desired. I have found one case where a 
new square piece of a bar of soap was thrown down with 
the housemaid's slops, and it did not pass through the 
2^ in. size, but I hardly think this a sufficient reason 
for making it larger. There should always be a house- 
maid's sink for the slops, with a grating at the mouth 
of the pipe. Where the soil pipe and the closet basin 
can be brought near each other, the trap is made in one 
piece with the concentrator, but where they cannot be 
80, a short piece of 8 in. pipe connects them, as in Fig. 
41. This works all right with a fall of 2 in. in a foot. 
The trap on any branch of a soil pipe should be as 
near the soil pipe as possible, to prevent the entry of 
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foul air into it. It might be supposed that there 
might be a trap under the closet basin as well as one 
close to the soil pipe, but it would be bad construction 
to place two traps so near each other; when this is done, 
one of them withdraws the water from the other by the 
compression and expansion which the air between 
them undergoes. 

The passage of air up the soil pipe is not materially 
obstructed by the short lengths of pipe of reduced 
diameter. It is length combined with smallness of 
diameter which offers resistance to the passage of 
fluids. The insertion of a diaphragm in a long pipe of 
considerable bore, to which these short lengths of pipe 
may be likened, has little effect in obstructing the flow. 

Concentrators may be placed one above another, one 
at each floor level, where there is a series of waterciosets 
connected with the same vertical soil pipe. At present 
the experience is with two in height, only, about 10 ft. 
apart, and there has been no inconvenience from noise. 

Down pipe from the cistern. — The down pipe from 
the cistern to the basin of the water-closet is often 
made too small; it should not be less than 1^ in. 
internal diameter. The valve at the mouth is also 
very frequently too small. It should have a consider- 
ably larger area than that of the pipe ; about one-and-a- 
half times the diameter is sufficient. What is wanted 
for this purpose is a sudden flush of water, not neces* 
sarily greater in quantity, but of quick action. Two 
gallons is the usual quantity for one flush. The 
lightest pipe made is sufficiently strong for the pur 
pose, and any saving which it may be desired to make 
should be sought for in thickness of metal and 
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not in size of pipe. Nine pounds weight per yard is 
quite sufficient for a pipe of li in. diameter. 

Whatever the form of closet apparatus, the one 
feature common to them all is the soil-pipe. This is 
the pipe which intervenes between the trap of the 
closet-basin and the drain, and the top of it is usually 
the highest point of the house-drainage, and therefore 
is the point at which the gases arising from the decom- 
position of the sewage have the greatest tendency to 
accumulate, — ^all those, that is to say, which are of 
less specific gravity than the atmospheric air. It is 
impossible, except by means of an expensive applica- 
tion of antiseptics, to prevent the liberation of the 
gases of decomposition of sewage (which begin, as has 
been already said, as soon as the sewage is formed, and 
continue until it is finally disposed of at the outfall) 
and it is quite as impossible to prevent their escape 
into the atmosphere. The only practicable thing that 
can be done to prevent injury from them is to conduct 
them to places out of reach of the air we breathe con- 
tinually, — ^that is to say, into the atmosphere above our 
heads, such of them, at least, as are of less specific 
gravity than the atmospheric air at the moments of 
action, and these gases are the most injurious because 
the most volatile. The diffusion of the heavy carbonic 
acid gas is slower, and it is not so important a vehicle 
of conveyance of germs of disease as the lighter gases 
are. 

Of the evil effects of the gases of decomposing 
sewage. Dr. George Wilson, in his "Handbook of 
Hygiene," says, after enumerating some cases where 
enteric or typhoid fever had taken place from the 
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entry of these gases into places where people had in 
breathe them, " WhUe numerous other instances are 
recorded of the evil effects of the air of sewers, 
cesspits, drains, &c., in producing temporary ailments, 
such as nausea, vomiting, diarrhoea, and headache, 
the great interest which attaches to this important 
subject rests on the development and spread of enteric 
fever ;" and that " the sewer air, laden with the specific 
poison, readily finds its way into houses on account of 
its greater tension, and in consequence of badly 
trapped and imperfectly ventilated drains." 

Ventilation of Hause-drains and Sewers. — The ven- 
tilation of sewers and house-drains has received a 
good deal of attention, and many propositions have 
been made which will occur to those conversant 
with the subject, but which need not be repeated 
here. No method of ventilation, however, is at once 
so simple, practical, effective, and inexpensive as 
open communications between the drains and sewers 
and the atmospheric air. When openings are made 
into sewers or drains, the gases of decomposi- 
tion, previously accumulating under pressure, escape 
freely into the atmosphere; and the mischief is that 
when they escape at the ground-level we must breathe 
them. But there is no necessity for this ; they can 
be conducted up into the atmosphere above the house- 
tops, if the pipes be sufficiently large and sufficiently 
numerous. These two requirements may be at once 
stated, from experience, to be, that the ventilating 
pipes should be 4 inches diameter, and that there 
should be at least one to every house-drain. 
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The retail prices of iron pipes suitable for drain- 
ventilation are as follow : — 

8 in. diameter, Ss. Sd. per 6 ft. length. 

8 J in. „ Ss.lOd. „ 

4 in. ,, 4a. 8(2. ,, 

4iin. „ 6«. „ 

These are preferable to the small lead pipes which 
have sometimes been put up, with the idea of venti- 
lating the drain or soil pipe — ^when, indeed, plumbers 
have come to see the necessity of the ventilation of 
house drains. In putting up these small pipes the 
element of friction, through so small and long a pipe, is 
probably overlooked, but it is of itself sufficient to 
prevent the pipe being of any use. If no motion 
of air through the pipe were to take place, no pipe at 
all would be required ; it is the necessary element of 
motion through the pipe of a certain volume of air in a 
limited time which is overlooked. Moreover, to the 
inefficiency of a small pipe the obstruction of bends is 
sometimes added, and when such a pipe has been 
found by experience to be useless for the purpose of 
ventilation of a drain or soil pipe, ventilation has been 
thought to be useless, whereas the fault has probably 
been, in each of these cases, that the pipe has been too 
small. Air, like water, will only pass easily through a 
pipe when the velocity is small. It resists being 
pushed through too fast, and when we consider how 
delicate and small the force is which bears upon it in 
any position in drainage, it is not wonderful the foul 
air refuses to be expelled through a small pipe, and 
prefers to escape into the house. 

Perhaps the plumber does not take the trouble to 
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think what size the pipe ought to be, and it appears to 
him that the size of the pipe is immaterial. 

The owner of the house is glad to hear from the 
plumber that a small pipe will be sufl&cient ; he would 
be still more pleased if he could be assured that none 
at all is required. 

One of the last ventilating-pipes of several thousands 
erected under my directions before this present writing 
is 4| inches diameter; and when the workmen had 
finished all but putting down the last trap at the 
ground level, they put into the drain a bit of white 
paper, and it was at once carried up the ventilating- 
pipe and was seen to fly out of the top of it. 

When I constructed the sewerage and drainage of the 
town of Leek, I caused to be erected a number of 
ventilating pipes at the upper ends of the house-drains. 
Since that time the Sanitary Inspector has been re- 
quested by the Improvement Commissioners to report 
to them the state of the ventilation of the sewers and 
drains of the town, and the following is a copy of his 
report. 

*' The public sewers and private house-drains con- 
nected therewith are ventilated by means of 1,194 
metal pipes, varying from 2j^ in. to 4 in. diameter, 
carried up the exterior walls of buildings above the 
levels of windows. Although means of ventilation are 
much required in places, it may be said, in general, 
that the provision made for the ventilation of sewers 
and drains is much more adequate than was antici- 
pated. 

'' Notwithstanding the fact that little was said as to 
the importance of sewer and drain ventilation when 
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these works were constructed, the engineer who con. 
structed them appears to have devoted considerable 
attention to the subject; and, at a subsequent period, 
upon the recommendation of the Sanitary Committee, 
the Board made an order that every drain and branch- 
drain hereafter constructed be ventilated at its head 
by means of a pipe or flue, terminating above the 
windows of the house or building. 

" The propriety of thus dealing with the subject has 
been so often demonstrated in Leek, that I only need 
refer to the fact that where the necessity of sewer and 
drain ventilation has been altogether ignored, typhoid 
fever has been most prevalent. After careful inspec- 
tion and consideration, I cannot recommend any other 
method of dealing with the subject than that already 
adopted by the Board. The principle inculcated by 
the order now upon the books is that it shall not be 
possible for foul stagnant gas to be present in any 
sewer or house-drain. The means determined upon 
by the Board for that purpose are extremely simple, 
easy of application, and strictly in accordance with 
natural law. 

" It has repeatedly been proved here that the best 
water-trap at a drain-head (especially if it be inside a 
house) without proper provision for ventilation, is a 
snare and a delusion, fraught with much hidden danger 
to health and life. I therefore submit that the Board 
cannot do better than carry out in its integrity the 
principle of ventilation already adopted, by requiring 
a sufficient number of outlets at the head of each 
sewer and drain ; thereby allowing nature to establish 
a natural circulation by which continuous diffusion. 
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Ulution, and rapid oxidation, will at least reduce the 

(anger to a decimal degree." 

I have been informed by the Sanitary Inspector, 
Mr. Robert Farrow, that he has frequently held a 
candle or a few lighted shavings to an untrapped gully 
in the street, and has found the current of air to 
be inwards. From that it may be inferred that the 
tall ventilating pipes are fed with atmospheric air, 
through any defective trap there may happen to be at 
the ground level, and so the sewers and drains become 
supplied with currents of atmospheric air, preventing 
the formation of sewage gases, to some extent, and - 
carrying off those which are formed. 

Dr. Alfred Carpenter, in a paper read at a meeting 
of the Health Department of the Social Science Con- 
gress in 1869, on the "Influence of sewer gas on the 
public health," said, speaking of Croydon, " When a 
stink is perceived at a particular spot, or in a parti- 
cular house, orders are generally given to stop the 
place of issue by trapping the offending opening, with 
the beneficial result of removing the smell and staying 
the progress of disease in that particular house or 
place ; but no means are taken to prevent its influence 
being felt elsewhere. The mischief is simply trans- 
ferred in a selfish kind of way, and the public suffer 
for it. I have had much experience of this kind of 
thing in our district, and soon saw that trapping was 
not a proper remedy unless it was accompanied by the 
provision of another exit in a safer situation." 

Further, that "The Croydon Local Board deter- 
mined, three years ago, to adopt the principle of 
opening the extremity of every sewer, and of every 
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branch or house-drain in connection with the sewer, 
and make every house ventilate its own house drain^ 
The Local Board also had openings made into the 
sewers at 100 yards interval, so as to allow of a con- 
stant and continuous current of air. By these means 
the effects of sewer gas have been entirely obviated, 
and the consequences removed, in those portions of 
our district to which the law is made to apply, in a 
most marked and decisive manner." . . . . " The 
sewer gas wiU form, at times, very abundantly in the 
house-drains, — the houses being, like gas-receivers, 
open at the bottom only, the sewer products will make 
their way through the traps into such houses ; and if 
the traps become, as is often the case, imtrapped, 
especially in dry weather, there is a ready means for 
the entrance of the gas into the house, independently 
of the means afforded by the water in the trap itself, 
which is a ready conductor of the miasms, — absorbing 
the agent on one side and giving it off on the other." 
After pointing out that the formation of sewage gas 
cannot be prevented, and that trapping is only stop- 
ping the danger at one point and forcing it in another, 
quite as perilous to those exposed to its influences. 
Dr. Carpenter said, *' Whilst, therefore, these gases 
will form, how can we best avoid their influences? 
The nature of sewer gas has been well pointed out by 
various chemists and medical authorities, — all concur 
in the belief that dilution destroys it ; that if suffi- 
ciently diluted with air it becomes innocuous, and its 
sting is taken away. When it first escapes from a 
sewer it carries with it some condition which is in- 
jurious to life, tending to prevent some necessary 
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change in the blood, or other vital tissues, either by 
its own power or by means of a property to which it 
simply bears the relation of carrier. If it be mixed 
with sufficient air, especially if that air be ozonised, 
the miasm becomes oxidized and comparatively harm- 
less, or if not so oxidized its presence is not injurious 
to life." Speaking of the motion of air in sewers and 
drains being upwards, he said, " Our problem, there- 
fore, is how to render this circulation positively con- 
tinuous. This has been effected most perfectly in our 
district by compelling every new house to have ven- 
tilation for itself. The soil pipe is continued upwards 
in a straight line above the level of the pan (of the 
water-closet), between the trap and the sewer, and it 
is made to terminate by an open extremity above the 
eaves of the house, away from the window, and not 
close to, or on a level with, the chimney. Every con- 
nection with a sewer requiring the presence of a trap, 
has that trap guarded from the consequences of pres- 
sure by a ventilator similar to that of the soil pipe, 
the latter being placed as close to the trap as possible. 
It is found necessary to make these shafts ascend 
straight up, and not curve or turn at right angles, or 
their efficiency is interfered with. The result of 
making these innumerable openings at the higher 
points of the sewer has been to promote a rapid circu- 
lation through the sewer, by which all sewer gas is re- 
moved as quickly as formed, and no concentration can 
take place." 

Dr. Thursfield, in his Sanitary Report on the Bo- 
rough of Shrewsbury, March, 1875, says: "The object 
in ventilating a soil-pipe is to afford such free exit to 
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the gas that it shall neither pass through the water in 
the trap, nor through any corrosion or leakage in the 
soil-pipe itself. The mode in which soil-pipes are 
ordinarily ventilated does not accomplish this ; a pipe 
of small calibre is carried from the soil-pipe with many 
turns and twists to the top of the house, and the retar- 
dation to the up-draught, caused by the small calibre 
and length of the pipe, is so great that in many cases 
it practically does not act at all." 

Fluctuation of the volume of sewage. — It is well 
known to those who have had to do with sewers that 
the volume of sewage varies from hour to hour of 
the day ; and this takes place to such an extent that 
one half of the sewage due to the whole 24 hours 
often flows oflf in six or eight hours, and that circum- 
stance has to be taken into consideration in deter- 
mining the size and other conditions of a sewer. 
This fluctuation is caused by the varying quantities of 
water used in houses at different hours of the day. 
Repeated gaugings of the flow of sewage in dry 
weather, when the quantity is not influenced by rain- 
fall, but is chiefly that used in houses, has shown that 
the maximum flow during some one hour of the day 
is about twice as much as the minimum flow during 
another hour of the consecutive 24 hours. 

Mr. Marten has stated that at Wolverhampton about 
three-fourths of the daily supply of water was given 
between the hours of eight in the morning and eight 
in the evening. 

Mr. Hawksley has stated that at Salford, in the year 
1862, the draught of water between eight a.m. and 
noon was from 2 to 2^ times the average quantity of 
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the whole day, and that in the night it was not more 
than J of the average quantity. 

A day's observation of the state of the chief service 
reservoir of the Manchester Water Works in 1864 
showed the quantities flowing out to be 

from 9 a.m. to noon IJ million gallons 
,, noon to 3 p.m. IJ „ „ 

,, 3 p.m. to 9 p.m. 2 „ „ 

„ 9 p.m. to 9 a.m. 2 „ „ 



So that during the six hours from 9 a.m. to 3 p.m. 
the average hourly quantity going out of the reservoir 
was TT of ^^^ whole quantity during the 24 hours, or 
500,000 gallons; from 3 p.m. to 9 p.m. ^^V, or 333,333 
gallons ; and from 9 p.m. to 9 a.m. 4V, or 166,666 
gallons ; the first-named hourly quantity being three 
times that of the average hourly night-flow. The 
fluctuation of the water-supply is, as might be pre- 
sumed, greater than that of the sewage flow, because 
there is always some ground-water running in the 
sewers, which seems to make the night flow of the 
sewers about half as much as the maximum daily 
flow. 

In several towns the maximum hourly quantity of 
dry weather sewage flowing at the outfalls of tlie 
sewers has been found to be a little more than twice as 
much as the minimum. 

Such observations show that the fluctuation of the 
volume of sewage is very considerable even in dry 
weather ; and another cause of fluctuation is the rain- 

' ' Digitized by VjOOQ IC 



HOUSE-DRAINS AND SEWERS. 137 

fall. Everybody knows that immediately after a 
shower of rain " the drains smell." The foul gases 
of the drains are, in fact, then forced out by the influx 
of water. When the water in the sewer is rising, it 
compresses the air in the sewer above it, when it is 
confined, and, reacting, as all elastic bodies do, with a 
force equal to that with which they are compressed, 
the sewer air forces its way into the houses through 
kitchen sinks, traps, and water-closets, and through 
street guUeys, and other places at which it ought not 
to be allowed to escape. 

Open and close sewers. — When a close sewer is 
broken into the escape of the pent-up gases is fearful 
in volume and malignity, and the death of workmen 
has frequently occurred when this has been done, 
and more frequently has illness of many people arisen 
from it. 

When a sufficient number of openings has been 
made through which there is free communication be- 
tween the atmosphere and the interior of the sewers 
the escape of sewer gas at any one opening is almost 
imperceptible. Now if we consider the bearing of 
these facts we shall see that open and not close sewers 
are to be preferred. 

But wholly open sewers in populous places cause 
too much inconvenience, and therefore for the sake of 
convenience sewers in populous places must be covered. 
Between these two antagonistic requirements we must 
take a middle course, and, while covering the sewer, 
must make frequent openings through which a com- 
munication may take place between the interior of the 
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sewer and the atmosphere, the openings being covered 
by gratings at the surface of the ground. 

On main sewers Mr. Bawlinson advised that the 
openings be not more than 100 yds. apart ; but it is 
evident that the greater the number of openings the 
better, and it is only a question of expense whether 
the whole length of every sewer should not be open to 
the atmosphere, the grating covering the opening being 
continuous. The objection raised on the question of 
expense is of course a valid one in a degree, and in 
the case of deep sewers must be met by substituting 
openings at intervals ; but the nearer sewers approach 
to open channels the better. House drains, however, 
should be covered, and the communication should be 
made between the drain and the atmosphere above the 
roof by means of a vertical pipe, as before mentioned, 
and also at the upper ends of street sewers, where the 
ground is steep ; but in the greater portion of the 
sewers, and especially in the lower parts, the openings 
should be at the ground level. 

As has been said, sewers or at least pipe sewers, 
should be laid in straight lines. Besides other advan- 
tages which this method has over curves, it allows the 
sewers to be readily examine'd, without breaking up the 
roads, for, by carrying up a man-hole at one bend, and 
an opening at each of those next it, in front and rear, 
down which a lamp may be lowered to the sewer, it 
may be seen from the man-hole if the sewer be open. 

In well-arranged sewers, stoppages may be almost 
certainly prevented; nevertheless, the original design 
due, I believe, to Sir R. Rawlinson) should be adhered 
to, for, even though such examinations need seldom 
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be made, the numerous communications thus made 
between the sewers and the atmosphere are very bene- 
ficial, if the covers of the man-holes and the lamp-holes 
be made with openings, or if they be covered with 
gratings. They then act beneficially by admitting 
fi-esh air to the sewers, providing an eflScient system of 
ventilation, such as has already been mentioned, be 
adopted in connection with these openings. 

The man-holes should be about 3 ft. square, gathered 
in near the top an inch or so each course until the 
opening is reduced to the length of 2^ bricks, and the 
width to 2 bricks. Upon the brick walls a cast-iron 
frejne is set, within which a moveable cover is fitted, 
the construction of which should be such as to be as 
open as possible, consistently with safety to horses' 
feet. 

The bottom of the man-hole should be formed so as 
to prevent lodgment of sewage, and should be of the 
form of the lower half of the adjoining pipes, or of the 
invert of the sewer, when of brickwork. 

The lamp-holes may be vertical pipes, set up on a 
square junction, and carried to within about a foot of 
the surface. Bound the mouth of the vertical pipe a 
small bed of concrete should be laid to receive the 
pressure of the traffic over the cover, which should be 
supported upon two courses of brickwork, bedded upon 
the concrete, so that weights passing along the road- 
way shall not be transmitted to the pipes. The cover 
should be of cast-iron, similar to that of the man-holes, 
but need not be so large. In macadamised roads, the 
iron covers of both should be surrounded by pitched 
stone for the distance of a yard or so. 
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Road drains. — Wherever there is a considerable 
number of houses together it will be advisable to 
lay a common sewer into which they may be drained, 
so that the sewage may be conveyed to one spot and 
disposed of. 

Now, wherever there is a considerable number of 
houses together there is usually a road drain, or 
culvert, or several of them, for the purpose of carrying 
off the rainwater. These may have their outlets as it 
may be ; but it may be taken generally that they are 
sufficient for the purpose for which they were laid 
down, but for that only. To convert these into 
sewers is quite a wrong proceeding. We find, indeed, 
as matters of fact, that in many cases house sewage 
is turned into these road drains and culverts, but we 
find also the necessary consequences — stoppages, and 
nuisances arising from the breaking out of their con- 
tents. Before such pipes as are suitable for sewers 
and house drains were made, road drains were chiefly 
formed of bricks, sometimes with mortar and some- 
times laid dry, or of rough stonework, and it is chiefly 
such drains and culverts as these that we find in 
existence, and in some cases receiving part of the 
house drainage. They are often of considerable size, 
and on that account are sometimes thought to be 
sufficient for both road drainage and house drainage, 
and so far as size and fall go they might be so in 
most cases, but the chief consideration is that house 
sewage must be cleansed (I prefer to say cleansed 
rather than purified) before its escape into a river or 
stream, and if it be mixed with a large quantity of 
rainwater — which it would be if put into road drains — 
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the cost of dealing with it is greatly increased, while the 
rainwater itself, if unmixed with house sewage, might 
flow in its natural courses. 

When the method of purification is that of the 
irrigation of land, a certaia quantity of rainwater 
is sometimes useful in helping to float the sewage 
over a sufficient area to eflfect its purification, but 
this does not tell against the main argument — that 
the bulk of the rainfall should be allowed to flow 
off by the channels which have hitherto conveyed 
it, and that sewers should be laid to convey the 
sewage and a limited quantity of rainwater to the 
outfall; and under these circumstances the sewers 
may be of smaller size than would be otherwise 
necessary. 

But it is not so much that the quantity of rainwater 
in a year would be difficult to deal with, if its flow 
were at all regular, day by day, as that it is difficult to 
make any effectual provision for the occasionally sudden 
and excessive flow. 

The roughness of the interior of these road drains 
and culverts prevents the sewage flowing freely off, 
and causes a generally foul state of the bottom, and 
this is increased by the escape of the liquids through 
the joints of the brickwork or stonework, for they are 
not impermeable, which is an essential requisite in the 
lower half of the sewer. 

In the definition clause of the Act, " drains vested 
in or under the control of any authority having the 
management of roads, and not being a local authority 
under this Act," are excepted fi'om the definition of 
the word sewer. 
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Circular sewers. — When the situation of the upper 
end of a sewer is such that it cannot be extended 
so as to include the drainage of any additional 
number of houses, the upper end of the sewer 
may be of 6-in. pipes, — for what length downwards 
will depend upon the fall, but the length will in 
most cases be comparatively short. Below theise 
short lengths of dead ends 9-in. pipes may be 
continued for considerable distances, which may, 
when necessary, be succeeded by 12-in. and 15-in. 
pipes, for distances still greater ; but when it becomes 
necessary to make the diameter as much as 18 in. it 
will in general be better to lay a brick sewer, with a 
half-brick ring; and half-brick, or about 4iin., is a 
sufficient thickness for diameters up to about 2 ft. 6 in. 
Sewer bricks should in all cases be moidded thin on 
the face and thick at the back, and more or less so 
according to the radius of the sewer, so that they may 
be bedded solidly upon each other throughout the 
width of the bed. For sewers of larger size, and up 
to 3 ft. 3 in., or 8 ft. 6 in. diameter, the bricks may be 
moulded of the dimensions of 9 in. long, 6 in. wide, 
and of a thickness of 2^ in. on the face, and Sin. at 
the back. Although heavier than bricks of ordinary 
size, these are not inconveniently heavy in the hand- 
ling, and about the same cubical quantity of work per 
day is done with them as with bricks of ordinary size. 
I used bricks of these dimensions, moulded for the 
purpose, in the north outfall sewer of the Leek 
Drainage. Its diameter is 3 ft. 3 in. If the diameter 
be required to be greater than about 8 ft. 6 in., the 
thickness should be 9 in., or one brick, up to, but not 
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much exceeding, a diameter of 4 ft. 6 in., or 6 ft. high 
and 4 ft. wide. 

Egg-shape sewers. — For the purpose of concen- 
trating a small flow of sewage, and so increasing 
its depth and consequent velocity, the bottom of 
a brick sewer is sometimes made of smaller radius 
than the top, and the usual ratio of height to width 
is three to two. It is evident that a given small 
quantity of sewage flowing in a circular sewer 
spreads out over the bottom and reduces the hydraulic 
depth, and where the inclination of the sewer is 
small and the variation of the quantity is great this 
form is preferable to the circular form ; otherwise 
it is not so. 

The circular form has many practical advantages 
which the egg-shape has not. It is stronger; the fluc- 
tuation of the height of the surface of the sewage-flow 
is less, and for this reason the extent of surface exposed 
to wet and dry on the sides of the sewer is less, which 
is in its favour, for the grease and othor matter left on 
the inside of the sewer at and near the surface of the 
sewage-flow gives off gases of decomposition, and the 
more so in proportion to the extent of surface exposed. 

Sewer bricks. — The bricks of the invert or lower por- 
tion of a sewer should be of very good quality. They 
are subject to constant abrasion by hard matter ; and 
the joints should be of cement, or of ground hydraulic 
lime used in the manner of cement, with an admixture 
of not more than two of sand to one of cement, or 
Ume, the sand being clean and sharp to the touch. 
The blue bricks made in Staffordshire and Shropshire 
are excellent for sewer work, and the gault bricks in 
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the neighbourhood of London ; but as the bricks of 
the locality will probably in most cases be used for 
sewers, care should be taken to select the best kind of 
clay the locality affords, within reasonable distance, 
and to have the bricks well burnt. 

It has occurred in sewers that the bottom has been 
deeply cut into by the action of sand and other solid 
matter upon it for a number of years. 

Depths of sewers, — As to the depth at which sewers 
should be laid, that depends altogether upon local 
circumstances. Where the surface of the ground 
is generally of uneven height, the level of the 
lowest part of the opposite houses is the guide, 
the middle of the height of the sewer being not 
less than 2 ft. lower than such lowest points. In 
such ground, taking this minimum depth at several 
points along the course of a sewer, or along some 
considerable portion of its length, the proper in- 
clination may be ascertained, and the depth at every 
part of the course. The proper gradient being deter- 
mined, the easiest way of ensuring its exact formation 
is to place two fixed sight-rails across the line of 
trench at an equal height above the intended bottom 
of the sewer, and to use a moveable rod, with a cross- 
head upon it, to bone in every part of the bottom 
truly. This is a much better way than driving ahead 
with a straight-edge andhandlevel, although this method 
is adopted for the short lengths of house drains. 

Jimciion of house drains with brick sewers. — The 
jimctions of the house di*ains with a sewer are 
sometimes made to enter it at the bottom, below the 
surface of the ordinary sewage-flow, but this cannot 
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be commended. The intention probably is to prevent 
the sewer gas passing up the drains to the houses^ but 
although this method has that effect there are practical 
objections to it, based on experience of the silting up 
of the lower ends of the drains when this method has 
been adopted; and, naturally, the velocity of the 
sewage-flow is checked whenever the sewage rises in 
the sewer. The preference for this method has been 
excused on these grounds. All sewage matter, it is 
said, is soluble in water, if a sufficient length of time 
is given to it, and with that view the size of the house 
drain is made rather larger and the velocity of the 
sewage-flow is considered as a secondary question. So 
that all be dissolved, it is supposed that a lesser 
velocity is necessary, but this can hardly be a practical 
way of looking at the thing. It is impossible to avoid 
the entry of all insoluble matter into a house drain, 
and when the junction with the sewer is made in this 
manner it is only a question of time when the lower 
end of it will be found silted up. The best point iu 
the height of a brick sewer at which to make the 
jimction of a house drain is at the haxmch of the 
arch, or just above the springing. The passage of 
sewer gas up the drains must be got rid of by a 
proper system of ventilation at the upper ends of the 
drains. Taking the point above mentioned in the 
height of a brick sewer to be the proper one, a 
junction block, formed obliquely, should be set in the 
brickwork wherever a house drain is, or may be 
required to be, connected with the sewer. *' Oblique 
junction blocks " are quite old things now. One of 
these being built into the brickwork, a bend pipe is to 
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be inserted to give the lead of the house drain the 
proper direction. Their prices are about as follow, 
for 4J-in. and 9-in. brickwork respectively, viz., for 
6-in. pipes, 3«. 9d. and 5s. 6d. ; for 9-in. pipes, 5a. 6d, 
and 7s. ; for 12-in. pipes, 8s. and 10s. 6i. each. 

Sewer invert blocks. — For egg-shaped sewers the 
stoneware invert blocks are useful and give facility 
in the execution of the work. They are made for 
4J-in., 6-in., and 9-in. brickwork, and their prices 
per lineal foot are about as follow, viz., for 4^-in. 
brickwork. Is. 2d. ; for 6-in. brickwork. Is. 8d. ; 
and for 9-in. brickwork, from 2s. 2d. to 3s. 6i., 
according to the width. 

Experiments on the strength of sewer pipes. — On page 
82 are a few weights borne by stoneware pipes. Here 
are some tried by myself on fireclay pipes of larger 
size, in a manner resembling the circumstances under 
which pipes bear pressure in actual use. The weight 
a pipe will bear without breaking depends a good deal 
upon the way it is bedded. In clay ground, cut to the 
shape of the lower half of the pipe, a fireclay pipe 30 
in. diameter, 3 ft. long, 2J in. thick, bore 10 tons 
8 cwt., without apparent injury, and another 30 in. 
X 21 in., 3 ft. long. If in. thick, bore the same weight. 
Another fireclay pipe 24 in. diameter, 3 ft. long, 1 J in. 
thick, bore 8 tons 2 cwt., also without injury. They 
were made by Messrs. Wm. Ingham and Sons, at 
Wortley, near Leeds, in the year 1880. The earth dug 
out of the trench was filled in over the pipes to a depth 
of 1 ft., and pigs of iron were piled upon the pipes to 
the weight mentioned. They were not further weighted, 
partly because there was no more pig iron at hand, 
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and also because these weights are far greater than the 
pipes could ever be subjected to in practice. But as I 
knew that fireclay pipes had been found broken in the 
ground in actual sewers, at no unusual depth below 
the surface, I tried some further experiments in the 
following manner. 

In gravelly and sandy ground trenches were cut of 
the same width as sewer trenches for the various sizes 
of pipes, the bottom not being so exactly formed to the 
shape of the pipe as in the first experiments, but 
resembling the form of trench where the broken pipes 
were found. The experimental trenches indeed were 
purposely made to resemble the general form and 
"width of trench where the bottom is not excavated to 
the exact form of the pipe-bottom. 

In the following experiments joint holes were made 
in the bottom of the trench so that the body of the 
pipe had an even bearing all along, and the sides were 
filled in with the excavated earth and rammed about as 
much as — but purposely not more than — it usually is 
in practice, or was in those trenches where the pipes 
were found broken ; and the filling in was continued 
over the pipe to the depth of 1 ft. Numerous pigs of 
iron were weighed and found to average 1 cwt. each. All 
other pigs used were taken to be of the same weight. 
These were piled upon the pipes, a short plank of tht 
length of the body of the pipe being first laid upon the 
earth over it. The pigs of iron were piled up until 
the first fracture occurred, both ends being watched, 
after which there was no further loading. The 
diameters and thicknesses of the pipes, and the lengths 
of bearing of the weights mentioned, were as follow :— 
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BREA 


KING WEIGHTS OP PIPES. 




Dimensions of pipe. 


Thickness. 


Jjcngth of 
bearing. 


Weight. 


Inches. 


Inches. 


Ft. Ins. 


Tons. Cwts. 


SO diameter . • . 


2i 


2 6 


7 1 


30x21 . 


If 


2 6 


6 16 


24x18. . . . 


n 


2 3 


6 11 


20x16 . 




2 8 


5 7 


15 diameter . • . 


2 


8 15 


16x12 . 


1^ 


2 


8 15 


12 diameter . . . 


1 


1 9 


8 16 


9 diameter 


f 


1 9 


2 12 


6 diameter . . . 


* 


1 9 


8 19 



The fracture was always longitudinal, mostly at the 
crown and the two sides, in a few cases also at the bottom. 

The canning capacity of different forms of sewers. — 
A common ratio of height to width of an egg-shape 
sewer is 1*5 to 1 (Fig. 42), in which the height from 
the invert to the springing of the arch is equal to the 
width at the springing, the radius of the invert being 
contracted to one half of the radius of the arch, and 
the radius of the sides expanded to three times that 
radius. With these proportions, the whole area of the 
sewer in cross section is 1*149 d^, d being the width at 
the springing. The perimeter of the whole section is 
8*96 D, and the hydraulic mean depth is '29 d. 

When this sewer is running one third full, or at a 
height of "5 d above the invert, the sectional area of 
the stream is '285 d', the wetted border 1*38 d, and the 
hyd. m. d. = '2065 d. When half full these quantities 
are — area '509 d^ border 1*90 d, and hyd. m. d. = •2680d. 
When two-thirds full, or up to the springing of the 
arch, the area is '756 d*, the border 2*89 d, and hyd. 
m. d. = *3163 D. These lengths and areas result from 
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the angle 36° 52', which embraces each side of the 
sewer, and the angle 108° 16' the invert. 

Another form of egg-shape sewer, called for distinc- 
tion the ovoid (Fig. 43), has a height 1*293 to width 
1 at the springing. This results from the radius of the 
sides of the sewer being twice that of the arch, each 
side embracing 45°, whence the radius of the invert 
becomes the difference between 1 and the square root 
of 2 (J)^ or 1— -707 = -293, when the width d = 1. 
The height of the sewer therefore is 1*293 d. The 
whole area of the sewer in cross section is '9955 d*, 
which is practically = D^. The whole perimeter is 
3-60 D, and the hyd. m. d. = '2765 d. 

When this sewer is running one-third full the 
sectional area of the stream is '255 d^ the wetted 
border 1*29 d, and the hyd. m.d. = '1976 0. When 
half full the area is '456 d^ the border 1-74 d, and the 
hyd. m. d. = '2620 d. When two-thirds full the area is 
•670 D^ the border 2*17 d, and the hyd. m. d. = -3087 d. 
At this height the water is above the springing. 
Taking it up to the springing only, or at a height = 
•793 D above the invert, the area is '603 d®, the border 
2-03 D, and the hyd. m.d. = '29600. 

In a circular sewer, when running one-third full, the 
area is '2290^, the wetted border 1^23 d, and the hyd. 
m. d. = '18620. When half full these are respectively 
'3927 D^ 1-57 D, and '25 d. When two-thirds fall the 
area is '556 d^, the border 1'91 d, and the hydraulic 
mean depth '2911 d. 

The carrying capacity of a sewer having any given 
inclination is proportional to the sectional area 
multiplied into the square root of the hydraulic mean 
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depth. If A and h represent these, and c the carrying 
capacity of the sewer, c is proportional to a \/h. 
From the foregoing data the following table is con- 
structed, showing the comparative values of c for each 
form of sewer at different degrees of fulness. 

Proportional carrying capacities of various forms of 
sewer at different degrees of fulness, the width, d, at 
the springing of the arch, being in each case = l. 





Egg shape. 


Ovoid. 


Circular. 


Full .... 
Two-thirds full . 
HalffuU. . . . 
One-third full . 


6187 
4251 
2635 
1295 


5236 
3722 
2334 
1134 


3927 

3002 

1963 

988 



Sewers of equal carrying capacity when full have the 
following dimensions : — 



Width at 
Springing. 



Height. 



Egg shape 
Ovoid . 
Circular . 



1 

1-07 

1-20 



1-5 
i-20 



The diagram, fig. 44, shews by the horizontal scale 
the carrying capacity of each of these forms of sewer at 
any height measured by the vertical scale, by which it 
is seen that in an egg-shape sewer one third of its 
carrjdng capacity occurs at the height '44 h, one half 
at *55 H, two thirds at '66 h. In the ovoid form one- 
third of its carrying capacity occurs at the height '42 h, 
one-half at '53 h, and two-thirds at '63 h. In the cir- 
cular form one-third of its carrying capacity occurs at the 
height '39 h, one-half at '6 h, and two-thii-ds at '61 h. 
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§ X.— AERANGEMENT OF THE OUT-BUIIiD- 
INGS OF SMALL HOUSES. 

Those who intend to build houses mostly have 
them built according to their own aiTangement and 
fancy ; and this must be so ; and I offer the following 
remarks only as a suggestion, but one which is founded 
on an experience of different arrangements, some of 
which, though not any less expensive, are less con- 
ducive to the convenience and health of the tenants 
than the one shown in the accompanying sketch. 

For instance, there may be a row of houses with 
an entry between each two of four, and opposite the 
entry a common washhouse for the four houses. 
There can hardly be a worse arrangement. When 
there is a common yard to several houses it is of prac- 
tical importance that the outbuildings be so arranged 
as to prevent, as far as circumstances make possible, 
a concentration of the work to be done, or rather a 
congregation of persons, on one spot for the perform- 
ance of any oflSce; as, for instance, for washing. It 
is too much to expect that four women should amicably 
arrange their wasliing days so that one washhouse 
shall serve for all ; but two may so agree. The ar- 
rangement shown in the sketch is not an invention oi 
design of my own, but is one which I have found to be 
better than the other I have mentioned. 

As to the privy place, it is better on all grounds 
that there should be a separate one to each house, as 
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indicated in the sketch, but one cesspit for the two 
does well enough. 

Fig. 45. 




SECTION 
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This is, as shown, between the privy building and 
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the washhouse, and one roof covers all — washhouse, 
privies, and cesspit. The ends of the space occupied 
by the cesspit are left open. The ashes of the house- 
fires may be thrown into this place, or there may be a 
separate ashpit for dry ashes, as shown at the back of 
the coal- sheds. 

Each washhouse has a boiler, and every two ad- 
joining washhouses have a common chimney, and as 

Fig. 46. 



RIDGE 




i > 




it adjoins the two cesspits it may be made to ventilate 
them by leaving a half-brick hole on each side. This 
is not essential. Sufficient ventilation is afforded by 
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leaving the two ends open, as before described. In 
each washhouse is a sinkstone, under the window, 
and the waste pipe from the sinkstone passes under 
the paving of the yard and empties into the trap oppo- 
site, which is set low for this purpose, into which cdso 
the house slops are thrown. A trap is arranged con- 
veniently near the door of each house, for when there 
is no such convenient place near the door the slops are 
thrown anywhere. These are but trivial things, in 
one sense, but in the aggregate they are of much 
importance. The central open space shown in the 
sketch gives room for the children to play in. 

The ventilating pipe of the house drain in the sketch 
is shown to terminate at or about the level of the ridge 
of the roof, against the chimney. This is better than 
carrying it up to the top of the chimney, for in the 
first place the length of the pipe is as great as a 4-in. 
pipe ought to be ; secondly, it avoids the possibility of 
any foul air which may escape from the ventilating pipe 
passing down the chimney flue when there is no up- 
draught in it. 

If one's chimney adjoins a neighbour's, and one has 
no fire burning, one may sometimes smeU red herrings 
when he is cooking them. It by no means follows that 
the air from the drains would pass down the chimney 
in the same way if the ventilating pipe were terminated 
at the same level as the chimney flue, but to avoid even 
a possibility of this it is well not to terminate these at 
the same level. 
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§ XI.— PAVING MATERIALS. 

The paving of the surface of back yards, and of all 
spaces extending for some distance from the thresholds 
of house doors, is an essential part of house drainage. 
Without it a house cannot be kept clean, as we have 
said in another place. Without paving, the surface of 
the ground is worn into holes, which are puddle-holes 
in wet weather, and at all times an unpaved surface 
near the common door of a house is necessarily in a 
dirty condition. 

After the house drain has been properly laid there 
is no need to again disturb the surface, and in that 
case it may be asphalted, at a cost of from 1^. 6d, to 
2«. per square yard ; but of course something more 
is necessary than to mix gas-tar and gravel together 
and lay it down, as is sometimes done, and called 
asphalte. The pitch of gas-tar should be procured, 
and remelted, and a portion of the oil which had been 
extracted for chemical purposes should be added to 
the melted pitch. After the naphtha has been taken 
out of gas -tar there remains a residue, out of which an 
oil — commonly called creosote oil, although proper 
creosote is distilled from wood-tar — is extracted, and 
is used with melted pitch to bring it back in some 
degree to a state of tar. The boiler or pan in which 
the pitch is melted should be fitted with a tap, through 
which the liquid contents may be drawn. First, put 
iuto the boiler 1 gallon of the creosote oil to 1 cwt. of 
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pitch ; boil them ; add more oil, up to 1^ or 2 gallons 
to the cwt. of pitch, as required. Draw off a small 
quantity into cold water jfrom time to time and try its 
stiffiiess by dipping a straw or stick into it, and make 
it so that it will barely run down the stick ; or touch 
it with the finger, and if, on slowly withdrawing the 
finger, it adheres and follows it in a string, it is of 
the proper consistency. Boil well and mix thoroughly. 
Ijet the foundation upon which the asphalte is to be laid 
be free from dirt. If gravel be the material used let it 
be first dried, and then pass it through a screen of 
IJ-in. mesh, then through another of f-in. mesh, and 
then take out the sand through J-inch mesh; the 
coarse stuff to be laid in the bottom. Engine cinders 
are a good material. Pass them through a 2-in. 
screen; break the coarse lumps for the bottom; screen 
the middle stuff again for the top through J-in. mesh. 
For footpaths or yard paving, IJ to 2-in. is a suflS- 
cient thickness ; for roads, 3 to 8 J-in. Roll each coat 
weU with a 6 or 7-cwt. roller ; or better, 10 cwt. Where 
a number of surfaces about houses are to be paved at 
once, there need be no difficulty in finding the proper 
materials and the workmen to apply them. 

The dark appearance of the asphalte can be relieved 
by sprinkling over it the siftings of clean gravel, clean 
and dry quarry rubbish, the red ashes of engine fur- 
naces, or, best of all, crushed spar from limestone 
quarries. 

Portland cement may be used for the paving of yard 
surfaces, where gravel is plentiful, in the following 
manner : — 

Let the ground be removed to a depth of 8 J inches. 
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Mix, then, clean coarse river gravel with ground hy- 
draulic lime, or cement, in the proportion of 1 of Hme 
or cement to 6 of gravel, and lay this down of a thick- 
ness of 2 inches. Screened gravel is then to be mixed 
with Portland cement, in the proportion of 2 of ce- 
ment to 5 of gravel. This is to be deposited upon 
the previous layer before the lime has had time to 
set. The surface of this second layer is to be then 
grouted with neat cement until a fair face is produced* 
with flatting tools. Upon the neat cement clean sharp 
sand is to be spread and beaten into it. The cost of 
this, where gravel is plentiful, is 2s. 8d. per square 
yard. 

The quality of the cement should be tested by 
making a bar of the neat cement an inch square and 
something more than a foot in length, and, giving the 
bar 1 ft. clear bearing, place a weight of 36 lbs. upon 
the centre of it. This can be done by anyone, any- 
where, while the test by direct pull requires special 
apparatus. 

Paving-bricks make good work, especially the dust 
bricks made in Staffordshire, and the burrs made in 
Shropshire. They should be bedded in cement, with 
which also the joints should be flushed. 

Whatever the paving be constructed with, channel 
bricks should be laid to convey the house slops to the 
gulley or drain-trap. 

Sandstone flags, such as are procured abundantly in 
Yorkshire, are perhaps the best paving materials, when 
squared down to a depth of 2 inches on the edges, and 
solidly bedded upon a foundation of clean cinders, 
gravel, or brick rubbish, not less than 4 inches deep. 
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§ Xn.— COMPOSITION OF SEWAGE. 

Of the composition of sewage the Rivers Pollution 
Commissioners say, in their Report, dated February, 
1870, " Sewage is a very complex liquid; a large pro- 
portion of its most oiBFensive matters is, of course, 
human excrement, discharged from water-closets and 
privies, and also urine thrown down gully-holes ; but, 
mixed with this, there is the water from kitchens, con- 
taining vegetable, animal, and other refuse, and that 
from wash-houses, containing soap and the animal mat- 
ters from soiled linen. There is also the drainage from 
stables and cow-houses, and that from slaughter- 
houses, containing animal and vegetable offal. In 
cases where privies and cesspools are used instead of 
water-closets, or these are not connected with the 
sewers, there is still a large proportion of human 
refuse in the form of chamber slops and urine. In 
fact, sewage cannot be looked upon as composed 
solely of himian excrement diluted with water, but as 
water polluted with a vast variety of matters ; some 
held in suspension, some in solution.'* 

In December, 1869, Mr. Edward Smith, F.C.S., read 
a paper before the Torquay Natural History Society, 
which he called " The Chemistry of Sewage '' and in 
which he estimates the bulk of excreta at 10 cubic feet 
per annum per head of population, and its weight at 
680 lbs. The faeces form 7^ and the urine -^ of the 
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bulk, or 1 cubic foot fseces and 9 cubic feet urine per 
head per annum. 

" Food is partly assimilated and partly excreted as 
urine and fseces. The urine consists of water holding 
in solution a highly nitrogenised body called urea, as 
well as sulphates and phosphates of soda and potash, 
and common salt. The faeces consist of those sub- 
stances which have not been digested, such as disinte- 
grated muscle, bone, or mucus, and those salts which 
are insoluble in water, viz., phosphate of lime and 
phosphate of magnesia. The urine yields — by drying 
or evaporation — about 4 per cent, of dry solids, and 
the fsBces yield, by drying, about 25 per cent, of dry 
solids. Thus, speaking broadly, the mixed excreta 
contain urea, with phosphates and sulphates of soda, 
potash, lime, and magnesia. But the nitrogen of the 
urea is readily converted into ammonia, that is, into a 
compound of nitrogen and hydrogen, the ferment or 
active agent of the change being a peculiar nitrogenous 
substance always voided with the urine. Therefore 
we may put the available educts of excreta as am- 
monia, phosphoric acid, sulphuric acid, potash, soda, 
lime, magnesia. The human excreta simply represent 
the ingredients taken from the soil in the shape of 
wheat, potatoes, sheep, or oxen, and these alkaline 
phosphates and sulphates are as essential to the growth 
of vegetables as food is to man." 

In Krepp's ** Sewage Question" it is stated that 
the average of the estimates of Liebig, Lawes, Hof- 
mann, Witt, Way, Thudichum, Boussingault, Stock- 
hardt, Saussure, and others, is as follows : — 
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Per day. 


Per annum. 


Solids (about l-lOth of bulk) . 
Fluids (about 9-1 Oths of bulk) . 


0-24 lbs. 
1-95 lbs. 


87-60 lbs. 
711-75 lbs. 


1-39 eft. 
11-29 eft. 




2-19 lbs. 


799 35 lbs. 


12-68 eft. 



The four principally useful ingredients of an average 
individual are said to be — 





Faeces. 


Urine. 


Total. 


Ammonia (nitrogen) 

Phosphate of lime (jphosplioric acid). 

Potash 

Organic substances . . . . 


1-49 lbs. 

2 -00 lbs. 

0-25 lbs. 

10-51 lbs. 


9 -38 lbs. 

2-80 lbs. 

1-08 lbs 

22 -49 lbs. 


10-87 lbs. 

4 -80 lbs. 

1-33 lbs. 
33 -00 lbs. 




14-25 lbs. 


85.75 lbs. 


50-00 lbs. 



The solid and fluid excrement is thus again di- 
vided : — 





Faeces. 


Urine. 




per cent 


per cent. 


Water 


76 


93-99 


Organic substances 


12-20 


4-15 


Nitrogen* 


1-40 


1-42 


Phosphoric acid + 


1-06 


0-24 


Potash . - 


0-29 


0-20 


Insoluble silica 


1-48 




Oxide of iron 


0-54 




Lime 


1-72 




Magnesia 


1-55 




Sulphuric acid 


4-27 




Soda 


0-31 




Chloride of sodium . , . . . 


0-18 





* Nitrogen equal to ammonia . - . . Feeces 1*70 

Urine 1-78 

t Phosphoric acid equal to phosphate of lime . Faeces 2 '30 

Urine 0'5S 
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From Dr. Letheby's " Notes and Chemical Ana- 
lyses," reprinted from the " Medical Press," it appears 
that the average proportions of organic and mineral 
matters per gallon of London sewage, taken from ten 
different parts of the city, were as follows : — 

NUMBES OF GkAINS OF SOLII) MATTER IN 70,000 GSAINS (BSIKQ 

1 Gallon) of Sewage. 





Total 


Organic. 


Mineral. 


Total. 


In solution . 
In suspension . 


15-08 
1706 


40-66 
21-09 


56-74 
88-15 




82-14 


61-76 


93-89 



Leioestes Sewage. 




Tottenham Sewage. 



In solution . 
In suspension . 


• • • • 
• • • • 

Total 


9-49 
14-63 


45 01 
25-46 


54-60 
89-99 




24-02 


70-47 


94-49 



In the Beport of the Boyal Commission on the pol- 
lution of rivers, issued in February, 1870, 21 analyses 
of London sewage are given^ the averages of which are 
as follow : — 

Total solid matters in solution, 64-54 in 100,000 
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parts by weight, which would be 45*18 in 70,000= 
45*18 grains in a gallon. 

In suspension 27*04 organic matter. 
42*46 mine ml . ■ 



Total 69*50 in 100,000 parts by weight, whicli would be, per 
gallon 18 *98 organic. 
29*72 mineral. 



Total 48-65 

In the same table of the Report are 29 analyses of 
the sewage of 16 other places — ^large and small towns 
— the averages of which are as foUow : — 

Total solid matters in solution, 77'74 in 100,000 
parts by weight, which would be 54*42 in 70,000=5 
54*42 grains in a gallon. 

In suspension 15*97 organic matter. 
14*05 mineral ,, 



Total 30*02 in 100,000 parts by weight, which would be, per 
Uon 11*18 organic 
9 *88 mineral 



Total 21*01 

In the foregoing 16 towns water-closets are in use, 
but by another table of analyses of the sewage of other 
places where water-closets are not in general use — 
called " midden towns " — it appears, from the same 
Report, that the proportion of solid matter in the 
sewage is quite as great; e.^., 37 samples showed an 
average quantity of solid matters in solution equal to 
82*4 parts in 100,000 parts by weight, or 67'68 in 
70,000=67-68 grains in a gallon. 
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In mupensiaii 21 '30 organic matter. 
17 '81 mineral „ 



Total 89*11 in 100,000 parte by weight, which would be, per 
gallon 14 '91 organic. 
12 '47 mineral 



Total 27*88 

This is contrary to what one would suppose, but in 
these " midden towns " we know that a drain is or was 
commonly laid between the bottom of the midden and 
the sewer, by which means the fsecal and other matter 
was washed away in wet Tveather into the sewers, and 
this may account for there being even more solid 
matter in the sewage of these towns than in that of 
those where middens so drained do not exist. 
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§ Xin.— DISPOSAIi OF SEWAGE. 

In animal and vegetable life a constant round of 
change is going on. Vegetation feeds upon decom- 
posed vegetable and animal matter, converting sub- 
stances noxious to the life of animals into healthy 
vegetation, when dissolved by water and taken up by 
the rootlets of the plants. 

The same vegetation, after a sufficient growth, is in 
its turn the food of animal life, which, in the process 
of its growth, throws off the refuse to feed vegetation 
again. Of the effete organic matter to be removed 
from the premises of houses, that which is of animal 
origin is destructive to the healthy life of animals, but 
it is the sustenance of the life of plants, and, through 
them, of the animals which feed upon them. To bring 
back the same elements which were poisonous to 
animal life in the form in which they were thrown off 
from it, they must undergo the complete transforma- 
tion which passing into vegetable life involves, before 
they are rendered again fit and proper food for ani- 
mals, — ^the elements, that is to say, not their husks or 
embodiment. 

The process of cleansing sewage is essentially a 
chemical one, either natural-chemical or artificial-che- 
mical. The sewage may be so exposed to the action 
of atmospheric air that the organic matter becomes 
oxidised and changed into harmless substances, which 
is a natural- chemical process. 
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Sewage should be conveyed to the earth as quickly 
as possible after its delivery at the end of a drain or 
sewer, and should be kept moving, for it is stagnation 
of the sewage which causes a nuisance, and it is pre- 
cisely stagnation which prevents the sewage being 
used profitably. A water-logged soil will grow nothing 
of any value. There must be motion in the sewage, — 
slow, of course, but still, movement. 

The pores of the earth are at all times filled with 
either air or water. When the one is expelled the 
other takes its place. Some part of the organic matter 
of the sewage — ^that which is already in the proper 
stage of decay to be assimilated by vegetation — ^is at 
once removed in that way ; another part is stored in 
the earth, awaiting its further stages of decay, while, if 
the quantity be large, and more than these two pro- 
cesses can deal with, the surplus is carried down below 
the top soil, and would run off unpurified, but that, by 
laying drains at a sufficient depth, air is allowed to 
penetrate the pores of the earth, which changes the 
decaying organic matter into harmless substances, by 
a process of oxidation. If sewage be allowed to flow 
over a piece of land for a time, and then be shut off 
from that particular piece, it passes down into the 
drains, being followed in its progress through the 
pores by atmospheric air, which become fiUed there- 
with as they were before the air was expelled by the 
incoming sewage water. It requires a considerable 
time for the exhaustion of the sewage from the pores 
down to the level of the drains, for the exhaustion 
proceeds at a rate less and less every hour after the 
stoppage of the flow. If the sewage run on to a piece 
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of land for 6 or 8 hours, it may require the next 18 or 
16 hours for the ground to be renewed with fresh air ; so 
that the whole area should be divided into 8 or 4 areas, 
on to which the sewage should be made to flo^ in 
turns. This is the method of intermittent filtration^ 
and by it a much smaller area of land is required to 
purify a given quantity of sewage than is required in 
the ordinary method of irrigation — ^not more than one- 
tenth as much ; but there is less profit in its use. In 
order to apply sewage to land with profit, there should 
be an acre to from 50 to 100 of the contributing popu- 
lation — ^more or less according to the nature of the 
land and the crops grown. 

Mr. W. Hope, V.C., who is an authority on the 
utilisation of sewage by way of irrigation, says that 
50 persons to an acre are too many, and that a given 
quantity of sewage may be more profitably utilised by 
apportioning an acre to every 20 or 80 persons. Never- 
theless it would seem that in situations where so 
much land as that would require cannot be had, an 
acre to from 50 to 100 persons suffices to cleanse the 
sewage. 

Sewage irrigation, as ordinarily practised, is a kind 
of intermittent filtration, but instead of the pores of 
the ground lying exposed to air, as in intermittent 
filtration, for 16 or 18 hours, the sewage continues to 
flow over the same area for days together. The puri- 
fying effect of the porous ground over which sewage is 
made to flow intermittently is proportionate to the 
extent of its pores, or to its cubic capacity, within 
moderate range, so that if the drains are laid at a 
depth of 6 feet below the surface the purifying effect 
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of an acre of ground is equal to that of two acres when 
the drains are only half that depth. Drains are 
equally necessary whether the sewage be used by way 
of irrigation or by way of intermittent filtration, but in 
the former case the effect is dependent rather upon the 
extent of surface than the depth of drained ground. 
Different kinds of soil affect the cleansing of sewage 
differently. A clayey soil seems to possess the requi- 
site properties in a greater degree than others : but if 
the land be a stiff retentive clay it is so dense, of itself, 
that a larger area is required, while sand of itself has 
no purifying properties other than those which porosity 
gives it. A mixed soil, of clay, sand, and lime, would 
seem to be the best. 

In country places, where houses are situated widely 
apart, the sewage may be taken separately from each 
house to the nearest available piece of land. Where 
houses are near together it is more advantageous to 
lay a common sewer into which the separate houses 
may be drained. 

The " Automatic Sewage Regulator," recommended 
by Messrs. Bailey Denton and Rogers Field, is the 
means of applying small quantities of sewage to land 
beneficially. Unless sewage comes on to land in suffi- 
cient quantity to cause a smart flow it cannot be dealt 
with properly; it cannot be turned in the various 
directions required firom time to time. The regulator 
stores up in a tank the dribble of sewage from a 
few houses, and when the tank is full it is emptied 
automatically through a syphon pipe, and flows 
on to the land in a proper stream while it does 
flow. Thus each tankful may be turned on to any 
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part of the land requiring it, which may afterwards be 
allowed to rest and become aerated before other sewage 
is turned on to it. 

The chief feature of the automatic sewage regulator 
is an annular syphon, which is the invention of 
Mr. Rogers Field, and is made by Messrs. Bowes 
Scott and Bead, of Westminster, in sizes from 4 in. to 
12 in. diameter of the inner pipe. This may be fixed 
in a brick tank of any required dimensions. It is also 
fitted into galvanised iron tanks, of sizes holding from 
50 gallons to 200 gallons. A similar invention is that of 
Mr. Isaac Shone, made by Mr. J. C. Edwards, of Buabon. 
There is another by Messrs. Doulton & Co., of Lambeth. 

For single houses, or for a few together, where there 
are gardens or other cultivated ground, the sewage of 
the houses may be conveniently disposed of by means 
of sub-irrigation, that is by means of common draining 
pipes, without sockets, laid upon a prepared bed in 
rows at a depth of a foot below the surface. The 
sewage rises through the pores of the soil and feeds the 
rootlets of the plants, giving an abundant vegetation. 

It is objected to the principle of the system that it 
causes undue evaporation and consequent loss of heat 
from the ground, but if, as experience has proved, 
vegetation does thrive upon it, the other question does 
not seem so very important. It is objected also that 
the pipes become in course of time stopped up with 
sediment. Well, they would, after a suflSciently long 
time, but as they are laid at so shallow a depth it is 
easy to take them up and empty the sediment upon the 
soil, and dig it in, like any other manure. The 
disposal of «ewage is one of those things about which 
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it is certain there will be differences of opinion, and all 
we can do in practice is to proceed in that way which 
is most suitable to each particular case, and to see that 
what is done, is done well ; for, many times, how a 
thing is done is of more importance than what it is. 

Where neither surface irrigation, sub-irrigation, nor 
intermittent filtration through the ground can be 
adopted, the less efficient method of settling tanks is had 
recourse to. The precipitation of the soUd matter is 
hastened by the addition of some ingredient, as sulphate 
of alumina, which causes the soM particles suspended in 
the sewage to flocculate and fall to the bottom, and to 
increase the rapidity of deposition and prevent ferment- 
ative action, by which a scum would rise to the surface, 
a small quantity of mUk of Ume is added before the 
sewage arrives at the tanks where the precipitation is 
to take place. 

A vast number of different things have been tried in 
the precipitation and clarification of sewage in tanks, 
which go imder the general name of chemicals, but 
some are too expensive, some ineffectual in producing 
% complete separation of the liquid and soHd compo- 
nents of the sewage, others are destructive of the 
manurial value of the effluent sewage water, and of 
what little value remains in the sludge precipitated. 
This, at the best, is of but little value, and is difficult 
to get rid of as manure, even at a shilling a load in 
some places, and with the use of one or two of those 
ingredients which are effectual as clarifiers, even this 
little is destroyed, and farmers will not have the 
stuff upon their land at alL It is not advisable to 
use any such chemical preparation, but a|^er such a 
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separation as can be had with those precipitants which 
do not destroy manurial value, to pass the effluent 
water intermittently through land, or through artificial 
filter beds, according to the magnitude and position of 
the volume of sewage to be dealt with. 

Sometimes lime alone is used, that is, quicklime re« 
duced to powder, either by grinding or slacking, and 
mixed with water in such quantity as to produce a 
liquid " milk," which flows into a tank where the lime 
and the sewage are intimately mixed by machinery, 
having either a revolving or an oscillating motion. 
After this mixing the sewage flows into the larger 
tanks where precipitation takes place. The use of 
lime alone, in quantity about a ton to each million 
gallons of sewage, is tolerated where the river into 
which the effluent water runs, is not a clear stream, or 
a fishing river, as those running through manufao- 
turing towns, but it is only tolerable on this account 

Moreover it does not remove the colour given to the 
sewage by dye water or tan liquor, especially the latter. 
Nothing seems to do this but such an ingredient as is 
destructive to the last extent of any manurial value re- 
maining in the sludge. The sludge, whatever be the 
precipitant used, is the difficulty of the tank system, 
and, taken altogether, this system is one only to be 
adopted when no other is possible. 

There are two chief ways of using the tanks, one in 
which the sewage flows through a series of them, one 
after another, and issues from the last one, usually 
over a fixed weir. In this way the mud is deposited 
mostiy in those into which it first comes, and but 
slightiy in the farther ones. The series of tanks on 
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this system form indeed but one long tank with cross 
walls. Experience has shewn that when the sewage 
flows over the cross walls, from one tank into the next, 
and so on to the end, the top of each cross wall being 
successively a little lower than the preceding one, a 
distinct current is formed on and near the surface 
through the tanks, and that the sewage flows off 
without fiilly depositing its load of mud. To obviate 
this, large openings are made in the bottom of alternate 
cross walls, wide enough to allow the quantity of 
sewage to pass with a velocity not exceeding 2 or 8 in. 
per second, and high enough to allow a clear waterway 
over the mud deposited. 

The other way is to use the tanks separately, filling 
each with sewage and shutting it off from each in suc- 
cession, whereby it comes to rest, and the water is 
drawn off from the top downwards either by a floating 
weir, or by a vertical pipe formed in sections or rings 
to stand upon one another, a section being raised from 
time to time as the water sinks ; the floating weir, how- 
ever, falls of itself with the sinking of the water. 

Legal and other processes. — It has sometimes oc- 
curred that the distinction between those works 
which the Sanitary Authority are to do, as the 
public body, and those which owners of private 
property are to do at their own expense, has not 
been at once perceived. We propose, therefore, to 
point out a few of the sanitary laws and customs. 
There are two main divisions of the subject; (1) that 
which embraces what the Sanitary Authority are to do, 
and (2) that which private persons are to do. This 
latter, again, is subdivided into that which the owner 
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is to do, and that which is to be done by the occupier. 
The occupier, as a rule, is to remove all nuisances 
which are not caused by the want of structural conve- 
niences on the premises ; the owner is to do all struc- 
tural work necessary to enable the occupier to keep the 
premises in proper sanitary condition; and the Sani- 
tary Authority are to do the rest. But, in general, it is 
necessary that the Sanitary Authority should do their 
part of the work first, in order that the owners of 
property may be enabled to do their part, even as it is 
in many cases necessary that owners should do their 
part before the occupiers can do theirs ; as, for in- 
stance, when the nuisance arises from the want of a 
house -drain, a sewer is first required with which it 
may be connected. It is stated in section 16 of the 
Act that " Every local authority shall keep in repair 
all sewers belonging to them, and shall cause to be 
made such sewers as may be necessary for effectually 
draining their district for the purposes of this Act." 
And in order to do this they may lay any sewer in any 
public road or street or other ground now occupied as 
a road or street, or which is intended to be given up 
for that purpose ; and if it is necessary to lay a sewer 
through private land within the, district in order the 
better to complete the system of sewerage, it may be so 
laid after giving reasonable notice in writing to the 
owner or occupier of the intention to do so (the land 
and all damages being, of course, paid for). And, 
further, if it is necessary in order to procure a proper 
outfall for the sewage, or for its distribution, that a 
sewer be laid beyond the district boundary, it may be 
so laid by giving three months' notice of the intention, 
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by advertisement in one at least of the local news- 
papers. The notice is to contain all such particulars 
of the intended work as may be sufficient for the 
understanding of the intention by every person inte- 
rested, and it is to state where a plan of the intended 
work may be seen. 

When land is required for the purposes of the Act 
it is taken either by agreement or imder the powers of 
the Lands Clauses Consolidation Acts; but before 
putting in force any of the powers of these Acts the 
local authority are to publish in a local newspaper 
once at least in each of three consecutive weeks in 
November an advertisement describing the nature of 
the works for which the land is required, and stating 
how much is required, and where a plan may be seen ; 
and are further to serve a notice in the month of 
December on the owner and lessee and occupier of the 
land, and requiring an answer whether the person 
assents, dissents, or is neuter in respect of taking the 
land required. The local authority then furnishes the 
information to the Local Government Board, and asks 
that they be allowed to put in force the Lands Clauses 
Consolidation Acts, whereupon the Local Government 
Board will direct a local inquiry to be made as to the 
propriety of making a provisional order in the matter, 
and if the government engineer who holds the inquiry 
approve of the plan the provisional order may be 
made, and the local authority are to serve a copy of it 
on the owner, lessee, and occupier of the land pro- 
posed to be taken. 

As to serving the notices in the months of November 
and December as above-mentioned, they may be served 
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in September and October, or in October and Novem- 
ber, provided that in either of these cases an inquiry 
preliminary to the provisional order shall not be held 
until the expiration of one month from the last day of 
the second of the two months in which the notices are 
given. 

When it is desired to borrow the money for perma- 
nent works from the Public Works Loan Commis- 
sioners and to spread the repayment over a term of 
years, an engineering inspector of the Local Govern- 
ment Board usually holds a local inquiry into the 
merits of the proposed works, at which inquiry all 
parties interested may be heard, either for or against 
the proposal, and he reports for or against the request 
to the Local Government Board. Certain forms are 
furnished by the Board to be filled up by the engi- 
neer acting for the local authority, describing the 
nature and extent of the works and the estimate in 
detail, together with other particulars. At such an 
inquiry it is very desirable to have at hand every 
detail, both of the intended construction of the works 
and the estimated cost, the nature of the ground, and 
so on. The estimate is the chief thing to be inquired 
into, no doubt, and of course this cannot be accurately 
made out until both plans and sections are made, as 
well as detailed drawings, even though they be made 
out only in the rough; but it is certainly better on 
all hands (if time will allow of it, which it sometimes 
will not) that the plans should be wholly completed 
before the inquiry takes place, and not only so, but 
that duplicate plans and sections should be furnished. 
A civil engineer of much experience is apt to think 
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little of these formalities, and to rely upon the merits 
of his plan even though they may be unseen, but it is 
better not to trust to this. 

By the 23rd section of the Act, ** Where any house 
within the district of a local authority is without a 
drain sufficient for effectual drainage, the local autho- 
rity shall by written notice require the owner or occu- 
pier of such house, within a reasonable time therein 
specified, to make a covered drain or drains emptying 
into any sewer which the local authority are entitled 
to use, and which is not more than 100 feet firom the 
site of such house ; " and goes on to say that if there 
is no sewer within 100 feet, then that the drain is to 
empty into a covered cesspool or other place. 

Here, it may be observed, there seems to be some 
contradiction between this and the 94th clause, which 
has a provision that where the nuisance arises from 
the want or defective construction of any structm*al 
convenience, notice is to be served on the owner ; and, 
in general, the owner is to lay the drain and do all 
other constructive work within the curtilage of his own 
premises. 

If the notice is not complied with the local authority 
may, after the expiration of the time specified in the 
notice, do the work and recover the expenses £rom the 
owner. 

The execution of the sewers is usually let by con- 
tract, as a whole, and the private drainage work is some- 
times done by each owner of property employing whom 
he likes to do the work, and sometimes it is done by the 
same contractor who does the sewerage work, at a 
schedule of prices agreed upon previously. By the 
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latter method the owners of property have a guarantee 
that the prices are fair and equitable, without being, 
on the one hand, so small that the work cannot be 
properly done for them, or, on the other, exorbitant. 
By the former method the persons employed do not 
always know what the work is worth, beforehand, not 
being much accustomed to the kind of work, and if 
they are asked to say beforehand what they will do 
the work for they are more likely to over-estimate than 
to under-estimate the cost of it, and in that case the 
owner of the property suffers a loss, but it sometimes 
happens that he who is to do the work under-estimates 
its worth, and when that is so he either loses money or 
his efforts to recoup himself lead to bad work being 
done. Nevertheless there are advantages in employing 
local men to do the private drainage work, for they 
thus become, under proper supervision, educated to 
the kind of work required. 
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§ XIV.— QUANTITY. 

A WATER supply is usually reckoned in point of 
quantity on the number of gallons per head of the 
population per day. At this rate the quantity actually 
supplied to towns varies from twenty in some to forty 
in others, in the majority of cases, and of these most 
incline towards the smaller number. There are ex- 
ceptional cases where the supply is greater than the 
higher number, and others where it is smaller than the 
lesser number, but in most cases the quantity is 
between twenty and forty, and the average of all is 
probably not far from twenty-five. These differences 
in the requirements of different places seem to be 
attributable for the most part to the condition of the 
distributing pipes and the house-fittings. Where 
these are of bad construction the quantity of water* 
\mavoidably wasted is very great, and as the quantity 
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is reckoned upon that supplied rather than upon that 
used, the waste is included, and swells the amount to 
something beyond all reasonable limits when the 
quantities actually used for the separate purposes of a 
household are reckoned up. 

But besides this cause of difference, resulting from 
the condition of the distributing pipes and house- 
fittings, there is a difference in the requirements 
between a purely agricultural district and a mining 
and manufacturing district. In the former a smaller 
quantity of water is required for personal washing, 
and especially for clothes-washing, and less also is 
required for the general cleanliness of houses in an 
atmosphere free from smoke and dust, than when the 
air is loaded with both ; and according to the present 
constitution of rural sanitary districts many places are 
included in them in which a large quantity of water is 
required for these purposes. 

It is not so much the question how little can people 
do with, or what quantity they use when they have to 
fetch it from long distances, but — what quantity they 
legitimately use when the houses and premises, and 
the clothes and persons of households, enjoy a con- 
dition of cleanliness. 

The actual quantity used varies in an inverse ratio 
with the quantity of dirt about a household. 

Where the water-supply is deficient, experience 
proves that neither persons, clothes, nor houses are 
kept in a state of cleanliness, and where circumstances 
make personal cleanliness impossible there must surely 
■be misery. When a workman, whose occupation is a 
dirty one, comes home, if he could plunge into water 
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and get the dirt off him he would be set up for the 
evening, and be more inclined to stay at home than he 
is where all is dirt around him. 

One must consider that there are two kinds of dirt : 
the one mineral, and inoffensive ; the other is refuse 
organic matter. We do not feel defiled by contact 
with the one, but contact with the other is abhorrent, 
and there ought to be in every household a suflScient 
quantity of water to wash it off frequently. Those 
who suffer the dirt which is caused by the perspiration 
of the body to linger underneath the clothes, out of 
sight, are essentially dirty. We cannot all be rich, 
but we can all be clean. 

The whole daily quantity of a water- supply is 
divided into three portions, viz., (1) for domestic use, 
(2) for public sanitary purposes, (3) for trades' pur- 
poses. The first two are everywhere required, and 
may be taken together as follows, where the dis- 
tributing pipes and house-fittings are of good con- 
struction and their condition properly attended to. 
Where the occupation of the bulk of the people is 
not a dirty one, fifteen gallons per head of the popula- 
tion per day. Where the occupation of the bulk of 
the people is a dirty one, as in a mining and manu- 
facturing district, twenty gallons per head per day. 
For trades' purposes the quantity varies greatly in 
different places. In some it is half as much as the 
quantity used for domestic and public sanitary 
purposes together, but it so completely depends upon 
the necessities of the locality that nothing definite can 
be stated for it. Whatever it may be in any locality it 
is to be added to the quantities given above. For 
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tiiEtdes' purposes, water is mostly supplied by meter ani 
charged at a price per thousand gallons. Supposing 
the quantity required for trades' purposes to be one- 
third of the quantity required for domestic and public 
sanitary purposes together, the total quantity would 
be from twenty gallons to twenty-seven gallons per 
head of the population per day, accordingly as the 
occupation of the bulk of the people is not, oris, a dirty 
one. And these would be the quantities where the 
house-fittings are of good construction and where 
proper precautions are taken to prevent waste. They 
are far less than the actual quantities supplied in many 
towns, but the surplus is wasted. The late Mr. James 
Simpson supplied to the Eoyal Commission on Water 
Supply a list of fifteen towns in which the average 
quantity is 21 gallons for domestic purposes, and 
22^ gallons for all pm*poses; and Mr. Bateman 
supplied a list of eight or ten towns in which the 
average domestic supply is 25^ gallons, and the total 
supply 80J- gallons per head per day. In these 
averages the quantity taken for other than domestic 
purposes is about one-fifth of the domestic supply ; 
but it is to be remembered that the quantity set down 
as for domestic purposes is not a measured quantity, 
but is the result of deducting the trade supplies from 
the total known supply, and therefore includes the 
waste, which, in some towns where the house fittings 
are of old construction, is very great ; and when waste 
is prevented the fixed quantity required for trades' 
purposes bears a greater ratio to the domestic supply. 
Examples of Charges. — The charge for the do- 
mestic supply is about,, on an average, five per 
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cent, on the rateable value of the house, or one 
shilling in the pound ; but it varies, both in (lif- 
erent places and with the rental. The scale gene- 
rally begins with houses not exceeding £4 a year, 
which are charged at the rate of Id. a week, or 
4^. id. per annum, and follows on nearly at the rate of 
one shilling in the pound, reducing, however, as the 
rent advances, so that a £50 house is perhaps charged 
at 4:78., a £75 house at 70^., and a £100 house at 90«. 
Of course the original cost of the works influences 
the scale a little more or less, but the figures above are 
not unusual ones. 

For trades' purposes water is supplied either by 
meter or by a scale of charges. There are some 
trades in which the quantity is not great enough to be 
metered. The price per 1,000 gallons is reduced with 
the increase in the quantity taken, and rapidly so 
where the water is supplied by gravitation. 

For instance, the Manchester scale is, for a quarterly 
consumption not exceeding 6,000 gallons, 2s. per 
1000. If the quantity be 10,000, it is U. lOjd. ; if 
20,000, l8.9d.; 50,000, U. 7^d.; 100,000, 1«. 8^.; 
150,000, Is. 2d. ; and so on until when the large quan- 
tity of 500,000 gallons per quarter is taken the charge 
is lOd.; for a million gallons, 7id., and 8 millions less 
than Sd. per 1000 gallons. 

Then there are annual charges by scale, such as 
£5 per annum for a brickmaker's stool. 



10«. 


>> 


for a smithy fire. 


21«. 


99 


for a slaughter-house. 


21s. 


»ff 


for a warehouse. 


4«. 


9» 


for each cow. 

Digitized by Google 



186 SANITARY WORK. 



4s. 



for each horse (private) 



7s. „ „ at livery stables. 

3s. „ for a 2- wheel carriage. 

5s. ,, for a 4-wheel carriage. 

M. „ per head in manufactories. 

Private baths are included in the charges for do- 
mestic purposes — as, indeed, would seem to be reason- 
able in all cases. 

The domestic and public sanitary rate in Manchester 
is arranged in a way which has been since followed 
elsewhere Instead of levying the whole amount re- 
quired (Is. in the £) on house property, the rate is 
divided thus : 9d. in the £ on houses, which is called 
the domestic rate, and 3d. in the £ on all rateable 
property alike, including mills, manufactories, &c. It 
is evident that a supply of water, always underpressure 
in the street mains, day and night, is of value to pro- 
perty in general, as well as to dwelling-houses, and the 
proportion fixed upon at Manchester was Sd. for 
public and 9d. for domestic purposes; but the pro- 
portion is subject to variation ; in Liverpool the public 
rate is 6d. and the domestic rate only 4^d. 

The Leek scale for trades' purposes, other than those 
charged by meter, is as follows, per annum. 

Barber's shop, using wash-hand basin . 6 
Building brick walls (per cubic yard. Id.) 
Building a house, one year's water-rate 
Builders' and wheelwrights' shops, per bench ' 4 
Coopers and wood-turners, per person 

employed 4 

Curriers, per person employed . ..16 
Cows, each . . ... 3 
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Horses, each 

Carriages used for hire, each . 
Ditto not used for hire . . . . 

Drug shops, per person employed 
Blacksmith's shops, per hearth . . • 
Printing offices, per person employed 
Plumbers, painters, and paper-hangers, 
per person employed . . . . 
Silk twisters, per gate .... 
Slacking lime, per cwt. 
Surgeries, per person practising 
Water-closets in mills, workshops, and 

public buildings, each . . . . 10 
Hotels, inns, and public-houses (having 
stables), 30 per cent on the domestic 
rate. 
Eating-houses, 20 per cent, ditto. 
Warehouses, lock-up shops, and offices, 
from 15 to 30 per cent, of the rate 
charged on dwelling-houses of equal 
value. 
By meter the charge varies from Is, 4id. per 1000 
gallons for a consumption of 5000 gallons per quarter, 
to Is. per 1000 for 10,000, 9d, per 1000 for 20,000, 
lid. for 40,000, Qd. for 100,000, down to b^d. for 
200,000 gallons per quarter. 

In the Stockport scale brewers are charged as fol- 
lows, on the quantity of malt brewed per annum, 
For any quantity not exceeding 50 loads .£110 
Above 50 loads, and not exceeding 100 loads 2 10 
„ 100 „ „ 150 „ 8 6 
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Above 150 loads and not exceeding 200 loads 8 17 6 
>>•••>> »» • • • ff • • • 

„ 400 „ „ 600 „ 6 19 9 

ff • • • 9f »» • • • >> • • • 

„ 900 „ „ 1000 ,,849 

>f • • • >> » ••••>> • • • 

„ 1400 „ „ 1500 „ 10 8 6 

Kote, a load = 6 bushels. 

At Norwich the charge for " domestic " purposes, 
which does not, however, include a bath in a house, 
which one would suppose to be one of the most neces- 
sary of domestic purposes, is 4«. 4d. a year when the 
rent (not the rateable value) is less than £5 a year. 
When that is as much as £5 and is less than iBlOO, 
the charge is 5 per cent, on the rental, or Is. in the £. 
When the rent (i.e., the net rent at which the house 
would let to a tenant from year to year) is £100 or 
upwards, the charge is 4 J per cent, on the rental. The 
charges for other uses than those charged by meter 
are as follow, per annum : — 

Greenhouses, 4d. per square yard of site. 

Gardens attached to houses, and included in the 
rent, 2«. for every 10 rods. 

Gardens not attached to houses, 2«.8i. for ever;/ 10 rods. 

One horse, 6s., and each additional one, 4s. 

Each 4-wheel carriage, 6«. 

Each 2-wheel carriage, 4s. 

Street watering. Id. per square yard watered once a 
day, or 2d. when watered twice a day. 

For special protection against fire, and not to be 
used for any other purpose, 8s. for one opening, and 
2s. for each additional one. 
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The house-service pipes are to be of lead, unless 
otherwise agreed upon, and are not to be of less than 
the following weights, namely, 

f -inch pipe 5 lbs. per yard. 

i ,, 7 lbs. 

f „ 9 lbs. „ 

i M 11 lbs. „ 

1 „ 16 lbs. 

IJ „ 22ilbs. „ 
These pipes are heavier than those in some other 
places, as, e.g., at Yarmouth. 





TABMOUTH. 




DURHAM. 


i-in. 
1 
1 
1 


pipe, 5 lbs. per yd. 
„ 6h lbs. ,. 
„ 8 lbs. „ 

„ nibs. „ 

„ 14 lbs. „ 


l-in. 
i 

1 

1 


pipe, 4 J lbs. per yd. 
„ 6i „ 
„ 12 „ 
„ 19J „ 




COVBNTBT. 




LEEK. 


i-in. 

i 
1 

li 


pipe, 7 lbs. per yd. 
., 11 lbs. „ 
„ 16 lbs. „ 
„ 22 lbs. „ 


l-in 

i 

1 


. pipe, 4 lbs. per yd 
„ 5 lbs. „ 
„ 7 lbs. „ 
» 11 lbs. „ 




ALDERSHOT. 




LAMBETH. 


l-in. 

h 

1 

1 
I 


pipe, 6 lbs. per lb. 

7 lbs. „ 

9 lbs. „ 

„ 11 lbs. „ 

„ 16 lbs. „ 


i-in. 

1 


pipe, 6| lbs. per yd 

9| lbs. „ 
„ 12| lbs. „ 
„ 15ilbs. , 



li 



22^ lbs. 
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§ XV.— QUALITY. 

But it is necessary to consider the quality equally 
with the quantity of a Water-supply for general use, in 
respect of its hardness ; and without going into any 
medical question of whether hard water is injurious 
for dietetic purposes, I think it will be found upon 
inquiry into the best testimony on this subject that, 
for general use, a Water-supply should not be of a hard 
character. 

I separate the characters of water in this respect by 
sa}ang that water of not more than 5 degrees of hard- 
ness, by Dr. Thomas Clark's scale, is soft water, 
and that 15 degrees of the same scale indicates hard 
water. 

The Chemical Commission, appointed by Govern- 
ment to investigate the qualities of various waters, 
reported that "it may be useful to distinguish the 
quality known as the 'hardness' of water according as 
it is of a temporary or permanent character. Perfectly 
pure or soft water, when exposed to contact with chalk 
(carbonate of lime) is capable of dissolving only a very 
minute quantity of that substance; one gallon of water, 
in weight equal to 70,000 grains, taking up no more 
than 2 grains of carbonate of lime. This earthy im- 
pregnation is said to give the water two degrees of hard- 
ness. But waters are often found containing a much 
larger quantity of carbonate of lime, such as 12, 16, 
or even 20 grains and upwards in the gallon. In such 
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cases the true solvent of the carbonate of lime, or at 
least of the excess above two grains, is carbonic acid 
gas, which is found to some extent in all natm'al 
waters. But this gas may be driven oflf by boiling the 
water, and the whole carbonate of lime then precipitates 
in consequence, or falls out of the water, with the ex- 
ception of the two grains which are held in solution by 
the water itself. The gas-dissolved carbonate of lime 
gives therefore temporary hardness, curable by boiling 
the water." 

" Other salts of lime, such as sulphate of lime, are 
generally dissolved in water without the intervention 
of carbonic acid gas, and therefore remain in solution, 
although the "jvater is boiled, imparting hardness." 

The Commissioners also say, "In the washing of 
the person the saving of soap by the use of soft water 
is most obvious. For baths, soft water is most agree- 
able and beneficial, and might contribute greatly to 
their more general use. Its superior efficiency to 
fiard water in washing floors and walls is calculated 
also to promote a greater cleanliness in the dwellings 
of all classes, both within doors and externally ; while 
in the occasional domestic washing of linen the smaller 
preparation necessary for washing in soft, as compared 
with hard water, the saving of soap which would then 
be sensible to its full extent, and the more easy and 
agreeable nature of the operation, would make a supply 
of soft water in a high degree desirable." 

The Royal Commission on Water-Supply, who re- 
ported in 1869, took evidence on the question whether 
hard or soft water is to be preferred for a general 
supply. 
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Dr. Edmund A. Parkes, in answer to the question 
(No. 8126), "Would 16 or 20 degrees of hardness be 
prejudicial?" says "I think that that degree of hard- 
ness would be certainly prejudicial. I think that very 
probably it might disagree with a great many people ; 
but supposing it reached to 8 or 10, or 12 degrees of 
hardness from carbonate of lime, it might be consi- 
dered probably good water as far as that was con- 
cerned, but I should draw a marked distinction 
between that and the hardness arising from sulphate 
of lime, or sulphate of magnesia, or chloride of cal- 
cium, which would certainly disagree in much smaller 
quantities, so that the goodness of water for drinking 
purposes I would estimate according to its permanent 
hardness rather than according to its temporary hard- 
ness." 

Dr. Lyon Playfair says, in answer to question No. 
2646, et seq., that, as a sanitary question, if the water 
is otherwise pure he does not think that mere hardness 
is of much importance as to health, but that it is of 
the greatest importance as regards the economical use 
of the water ; that less soap would be required ; that 
cleanliness is promoted by the use of soft water, both 
with regard to personal cleanliness and washing, and 
that there is considerable economy in the use of soft 
water, compared with hard water, in respect of wear 
and tear of clothes in washing. Evidence of similar 
import was given by Mr. John Simon, Dr. J. A. 
Wanklyn, Professor Odling, Dr. W. A. Miller, and 
Dr. Angus Smith. 
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Brooks and small streams in valleys are not desi- 
rable sources of water supply ; the quantity of organic 
matter they contain, in comparison with the quantity 
of water flowing in them, is greater than that con- 
tained in the water of other sources. 

Other sources are, (1) Rivers, (2) Springs, (3) Moor- 
land tracts of ground, where the rain-water falling upon 
them, and running oflf in small and rapid streams, is 
caught in reservoirs at a high elevation ; and (4) Deep 
wells. 

As to rivers, running water contains free oxygen, 
absorbed from the atmosphere, and the more so where 
it has a quick motion over a rough bed, which causes 
its surface to be broken up, and exposes a greater 
number of particles of water to the atmosphere than 
where the motion is slower, over a smoother bed. 
Organic matter in a state of decay, wliich I have else- 
where called ** effete organic matter," is, as it were, 
seized upon by the oxygen in the water and chemically 
changed into harmless substances, after the action has 
continued for a sufficient length of time. 

It is a matter of common observation that the dis- 
coloration of rivers by the polluting matters poured 
into them from populous places gradually fades away, 
and that at some considerable number of miles below, 
if no other pollution takes place on the way, the water 
is clear, and in some cases quite fit to drink ; and if 

Digitized by VnOOglC 



194 SANITARY WORK, 

the water of rivers could flow far enough away from 
one town before it were taken for the supply of the 
next one, the organic impurities would probably be- 
come wholly changed into harmless substances; the 
difficulty is to ascertain in what distance or in what 
time this effect takes place ; either distance or time 
will vary with the relative quantities of polluting mat- 
ter and of water, and there is nothing but supposition 
to go by in estimating at what distance from the pollu- 
ting source water may safely be taken for domestic 
use lower down the river. It cannot very well be 
proved that they are wrong who advocate a river 
source for a supply of water, even when it is well 
known that the water is daily contaminated higher up 
the stream. The strongest argument in support of 
such a source is found in the want of proof that the 
water is injurious to the health of those who constantly 
drink it. This is but negative evidence in its favour, 
and even this is only true in some cases, as, for in- 
stance, in the Thames at Hampton, from which source 
a great part of London is supplied, although it is well 
known that the sewage of some considerable towns is 
poured into the river above that point. 

On the other hand, as to the disappearance of colour 
by long-continued flow, it is proved positively that 
water may be quite bright and yet contain matter in 
solution which disqualifies it for domestic use. 

Springs are more copious, and constant in their 
flow, from some of the geological formations than from 
others. From the chalk, the oolite, the new red 
sandstone (Bunter division), and the millstone grit, 
spiings are more copious and constant than from other 
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formations, except the mountain limestone, which has 
many fissures and caverns ; and some of the springs 
from this formation yield large quantities of water 
perennially, varying but little throughout the year, 
while others, though tolerably constant during years 
of average rainfall, almost cease to flow after a long 
drought. This seems to be owing to the compara- 
tively small extent of ground upon which the rain falls, 
combined with its great porosity; while the ground 
from which the more perennial springs issue is of 
greater extent and comparatively of more general 
compactness. 

The late Mr. Beardmore estimated that the water 
which falls upon the chalk district of the river Lea 
holds out for at least sixteen months. 

Some springs from the oolite are reported to be 
nearly constant the year round, others varying about 
80 per cent, as between the average and the minimum 
flow. I gauged daily during the years 1860 and 1861 
several springs which issue from the millstone grit at 
Upperhulme, near Leek, with the following results : — 
During the year 1860 the average daily quantity was 
855,266 gallons, and the least quantity on any day was 
805,453 gallons. During the year 1861 the average 
daily quantity was 333,716 gallons, and the least 
quantity on any day was 258,600 gallons. Other 
springs have been proved to be equally or more con- 
stant in the new red sandstone, but in the mountain 
limestone they are more variable — perhaps because of 
the fissures being more open. The original chief 
source of the Bristol water supply was some copious 

springs issuing from this formation at Chewton Men- 
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dip, which ran for a long time at the rate of two mil- 
Kon gallons a day, but about ten years afterwards these 
and other springs from which the supply was derived 
fell off considerably ; resuming their full flow again, 
however, afterwards. 

Below any level at which the water could issue in 
springs the absorbent rocks hold water as in a basin, 
and it may be procured by sinking a well. When the 
ground through which a well is sunk is porous from 
the top downwards, the quantity of water met with 
increases with the depth of the well, but in some situa- 
tions the water-bearing stratum is overlaid with 
strata of an impervious nature, which keep down the 
water, under pressure. In sinking a well in such a 
situation but little water is met with after the surface 
or top water has been passed through, and this, when 
of bad quality, is usually stopped out by a water-tight 
lining. But when the depth to the water is great it is 
not necessary to sink a well all the way to it ; after 
sinking to a suflScient depth to form a lodge for the 
water, and afford room to fix the pumps, the remainder 
may be bored. When the water is reached it bursts 
up suddenly and fills the well. The first great under- 
taking of this kind was at Grenelle, in the province of 
Artois, in France, where a bore hole was made down 
to the lower greensand, under the chalk, to a depth of 
about 1,800 feet, when the water suddenly rose through 
the bore hole, and was forced up many feet above the 
surface. Since this successful attempt to procure 
water in this way the name Artesian has been given to 
such a well, from Artesium, the ancient name of 
Artois. The blow- wells in the low- lying parts 
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of Lincolnshire act in the same way, although 
on a smaller scale; the overlying clay being bored 
through to the chalk beneath. In all such cases 
the water which is thus procured must first have 
fallen upon ground much higher than the site of the 
well, and upon the outcrop of the absorbent stratum 
pierced by the boring, through the fissures of which it 
descends and accumulates under the clay or other 
retentive strata of which the low-lying ground consists. 
A well sunk through the clay into the chalk at King- 
ston, in Surrey, threw water up to the surface, being a 
true Artesian well Its temperature was, however, 
too high for the purpose for which the well was sunk. 
The strata passed through were as follow ; — 

11 ft. clay and gravel. 
2 „ gravel. 

245 „ blue clay. 
57 „ clay of various colours. 
4 „ marl. 
^ „ vein of sand. 
9 „ marl. 
J „ vein of sand. 
6 „ marl. 

12 „ dark sand. 

25 „ light coloured sand. 
99 „ chalk, with flints. 

470 ft. 

The following is a short description of an Artesian 
well to be sunk in the same locality : — Well and bore 
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hole to be sunk to an estimated depth of 500 ft. Two 
6-ft. lengths of cast-iron cylinders, 7 fl. diameter, to 
stop back the top water. Shaft lined with 9-in. 
brickwork, 6 ft, clear diameter, to be continued to a 
depth of 200 fL Cast-iron bore-pipe, 12 in. diameter, 
witii turned joints, to commence here and go down to 
the chalk, reducing the size only when necessary. 
The pumps to be at a depth of 80 or 90 feet below the 
level to which the water may rise. Estimated cost, 
£1,350. 

Figure 47 illustrates such a well. 

Pig. 47. 




The publishers have very kindly offered me the 
use of a wood-cut from Mr. Hughes's book on Water 
Works, which shows, better than anything I could 
give, how it is that, when an impervious stratum of 
clay is sunk or bored through, water is found, and 
rises towards the surface, having its origin, in this 
case, in the rain falling upon the high ground about 
Tring on the one side and Knockholt on the other. 
The following are Mr. Hughes's own words : — 
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' In. this section a is the gault clay, an impervious 




AiTer Brent 



Norwood. 



,^^^ Lewisham, 



Knockholt 



Seven Oaks. 



Rtratnm, which underlies the firestone, chalk^mai'Land 
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chalk. The firestone and chalk mail are not shown 
in the section, because it is believed in this chalk 
basin the water penetrates through both of these, and 
is really not stopped till it reaches the gault. In the 
south downs, however, it is otherwise, for there Lydden 
Spout, and other copious springs are thrown out by 
the chalk marl, b is the great mass of chalk 800 or 
1000 feet in thickness. The tertiary or Thanet sands, 
resting on the chalk, are marked c, and the impervious 
mass of London clay is marked d. The level of high 
water mark in the Thames is represented by the hori- 
zontal line a 6, and the presumed line of saturation or 
height to which the water from the chalk will rise at 
any point between London and Tring, is represented 
by the inclined line c d, drawn from the top of the 
gault below Tring to tide level in the Thames at 
Lewisham, where the chalk is exposed in the basin of 
the Thames. It will be observed that in this section 
I have not shown the beds in one continuous uninter- 
rupted basin-shaped arrangement, but intersected by 
two faults, marked No. 1 and No. 2. The fault No. 1, 
which brings down the London clay d to the level of, 
and in contact with the chalk, is clearly exhibited on 
the North Kent and London and Brighton Kailways, 
both of which it intersects at New Cross, in a north- 
east and south-westerly direction. It has been well 
described by the late Mr. De la Condamine, in a paper 
read before the Geological Society of London, in June, 
1850.* With respect to the fault No. 2, although not 
exposed at the surface, we have good evidence of its 

♦ Published in Vol. vi of the Quarterly Journal of the Geological So- 
5iety, p. 440, 
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existence from well sections. Thus, the depth to the 
chalk below Trinity high water mark at Gray's Inn 
Lane, the Hampstead Road, Tottenham Court Road, 
and the Regent^s Park, varies from 80 to 100 feet; 
while at Trafalgar Square, Wandsworth, and Chelsea, 
the depth varies from 250 to more than 300 feet, 
which shows either a fault or a very great curvature of 
the strata. Mr. Prestwich believes that this fault or 
axis of elevation, whichever it be, passes along the 
valley of the Thames, in an east and west direction. 
It is clear that this fault as well as the one at Lewis- 
ham, No. 2, would be intersected by the line of our 
section. The main drainage of the chalk formation is 
not so much interfered with by these faults as might 
be supposed at first sight. The line c d shows the 
height to which the chalk is probably saturated with 
water, according to the views first promulgated by Mr. 
Clutterbuck, and afterwards corroborated by the Dean 
of Westminster and other eminent geologists. The 
drainage of the chalk will still take place at d, not- 
withstanding the faults, because the communication 
between the separate masses of chalk is still uninter- 
rupted, the fault being probably not filled up with 
impermeable clay and made into a puddle dyke, as 
happens in some districts. According to the views of 
Mr. Clutterbuck, the water will rise in wells between 
Tring and London, to the level of c d, and he has 
found by measurements of numerous wells interine- 
diate between the two places, that the water stands at, 
or nearly at this height. It wUl be observed that the 
ground at Watford Kes below the line of saturation c d, 
and this accounts for the numerous springs which 
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break out in the meadows there, and for the fact, that 
every excavation, made only a few feet in depth, is 
immediately filled with water. Again, it wiU be ob- 
served, that a part of the London clay district, close to 
the metropoKs, lies below the line of saturation. This 
is precisely the condition under which artesian wells 
may be expected to yield a stream of water that will 
overflow the surface. On boring down through the 
London clay, d, to the chalk on either side of the fault 
No. 2, we come to water which is acted on by the 
pressure from Tring or Knockholt as the case may be, 
and which, as soon as the boring is effected, rushes up 
through it and rises above the surface, namely, to the 
the line c d. This is the explanation of many over- 
flowing artesian wells in the neighbourhood of Fulham, 
Brentford, and other places in the valley of the 
Thames." 

Common wells, though they may be deep, depend 
for their water upon the area immediately surrounding 
them, the rainwater falling upon which sinks down- 
wards and laterally towards the bottom of the 
well, and the quantity procurable may be likened to 
the contents of a cone, the base of which is the area 
round the well, and its apex the bottom of the well, 
the contents being renewed from time to time as the 
rain falls. The extent of this area, or base of the 
inverted cone, is the greater the more porous the 
ground is, for any given depth of well, for there is in 
every kind of ground a minimum horizontality which 
the water can assume, under any given degree of ex- 
haustion by pumping, its percolation to the well being 
hindered by the density of the ground through which 
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it passes, and the greater the density the steeper the 
incline assumed hy the sides of the water cone. In 
practice these theoretical deductions are interfered with 
by the existence of faults, filled more or less with im- 
permeable material. It is said that at one of the wells 
at Liverpool, 210 ft. deep, in the new red sandstone, the 
shallow wells around were affected by the pumping to 
a distance of If miles from the shaft. 

A well sunk in the new red sandstone at Wolver- 
hampton yielded but little water, being within a quarter 
of a mile of a great fault, limiting the extent of surface 
on that side to that distance. 

Good water is obtained from uncultivated tracts of 
moorland. It is obtained by storing in reservoirs that 
which flows directly off the surface, and that which 
sinks into the ground and issues in springs within the 
watershed area. Knowing the quantity of water re- 
quired, the area from which it is to be collected may 
be determined according to the amount of rainfall of 
the locality. It is necessary, in order to do this with 
something like precision, to obtain the register of the 
rainfall for a number of years. If the rainfall has not 
been gauged within the particular area, the water from 
which is to be appropriated, it is necessary that the 
position of the area on which the gauges may have 
been fixed, be one in which similar meteorological oc- 
curences take place habitually ; as, for instance, at a 
similar height above the sea-level ; exposed to similar 
currents of air ; sheltered by hills in similar relative posi- 
tions and of similar height, or that both situations should 
be equally unsheltered. The best position for a rain- 
gauge is in an open piece of ground, not near houses or 

Digitized by VnOOglC 



204 SANITARY WORK. 

trees, and from 6 to 12 inches above the ground ; the 
nearer the ground the better, so that it is sufficiently 
high to prevent the splashing of water that falls out- 
side it leaping into the mouth of the gauge. Five 
inches diameter is reckoned to be as good a size as any 
for the mouth of the gauge. Rain-gauges are made in 
various forms, and that in which the depth registered 
is most easily ascertained, carries a graduated rod at- 
tached to a float, which, rising with the water in the 
gauge, shows the depth fallen ; but this* kind is open 
to the objection that the face of the rod catches rain, 
which runs down it into the gauge and causes a greater 
depth of water to be registered than actually falls. 
Another kind has a graduated glass tube attached to 
the body of the gauge, in which the water rises equally 
with that in the body of the gauge ; another kind 
merely receives the water, which is measured by pour- 
ing it out into a separate glass tube to ascertain the 
depth fallen. There is also another kind which has a 
float unattached to any rod, a graduated rod being 
used only at the time of measurement. 

The register of rainfall for a number of years 
having been obtained, an average is taken. K 
the yearly depths of rain be examined separately, it 
will probably appear that they vary much from each 
other, and that the greatest depth in any one year is 
about twice the least in any other. It wJU probably be 
observed also that for two or three years together pre- 
ceding or succeeding the year of least rainfall, the 
amount is less than the average of all the years, and 
that the mean depth of three consecutive dry years is 
about one-sixth less than the average ; also, that the 
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least depth in any year is one-sixth less than this 
mean of three dry years. 

Experience has shown that the quantity of water 
which can be caught and stored in reservoirs and 
delivered out daily for use is not so much as that due 
to the average of a number of years, and is not more 
than that due to the mean of three consecutive dry 
years, which has proved to be, in numerous instances, 
very nearly one-sixth less than the average, all the rest 
going past the reservoir in excessive floods. Thus, 
if a table of rainfall be examined, extending over a 
sufficient number of years, it may show the average 
yearly depth to be 86 inches. In some one year the 
least depth will probably be found to be about 24 inches, 
and taking any three consecutive dry years, the mean 
of them will probably be about one-sixth less than the 
average, or 80 inches, and it is this depth and not the 
average, which is to be reckoned upon ; and the daily 
quantity required being known, the necessary extent of 
watershed area is ascertained. But the actual quantity 
to be dealt with is always less than the rainfall regis- 
tered by a gauge, for the gauge registers the depth tiiat 
falls, and from that depth must be deducted the quantity 
evaporated and otherwise lost on its way to the re- 
servoir. 

In his evidence before the Water Supply Commis- 
sion in 1867, Mr. Bateman said that '' according to 
the declivity and the geological character of the coun- 
try, and the cultivation and the amount of vegeta- 
tion, the quantity which is taken up by vegetation, or 
is evaporated or lost to the rivers, varies from about 
9 inches to 16 inches, the smaller quantity being of 
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course that where the rocks are the hardest, and the 
declivities are the greatest, so that the water comes 
down in floods. If we take 12 inches as the mean 
between those extremes, it will leave the net available 
produce of these districts " (speaking of the Welsh 
hills from which he proposed to take water). This 
loss is taken from returns of actual gaugings in various 
places. He says, "In Manchester we have actually 
collected and measured in reservoirs 88 in the ave- 
rage of two or three dry years. Out of a rainfall of 
45f inches we have actually collected and discharged 
88 inches." This would be a loss of 12| inches in the 
year. 

The late Mr. Thomas Duncan gave evidence before 
this Commission. He was the acting engineer of the 
Liverpool Water Works for many years, and had very 
good means of ascertaining by gauges the actual quan- 
tity of water collected and used out of the total 
quantity that fell. Five-sixths of the ground from 
which the gravitation supply is derived, consists of 
moor and sheep pasture, covered with heather, and 
some portion of it is mossy, the geological formation 
being chiefly millstone grit. A very small portion of 
it was ploughed, not one-fiftieth part ; the whole area 
of the gathering ground being about 10,000 acres. 
With reference to the loss by evaporation and other- 
wise, the question is put to the witness, and referring 
to some tables he had drawn out, " You do not appear 
to have had a loss in any one year of as much as 12 
inches. That is to say, in 1861 the rainfall was 46*88 
inches, and then, taking the quantity you realise, 
which is 35-77 inches, that is slightly under 11 inches. 
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If you take the next year as 48*51 against 40*08, that 
is a loss of 8 inches. In the next year it is 51 '01 
against 40*72, that is under 11 inches again. In the 
next year it is 39*035 against 27*85, and in the next 
year it is 34*80 against 23*35, making a loss of 11^^ 
inches. Therefore, whatever your rainfall be, whether 
it be large or small, the actual loss would seem to be 
very nearly the same ? " A. " The amount of evapo- 
ration and absorption does not vary much." 

Mr. Hawksley has stated (Minutes of Proceedings, 
Inst. C. E., vol. 31) that the loss varies in these 
islands^' from 10 inches per annum as a minimum to 
18 inches as a maximum. The minimum occurred 
very rarely — ^indeed, only in the case of bare precipi- 
tous mountains, consisting of non-absorbent rock, such 
as slate or granitic rock. From that surface all the 
rain that fell could be gathered, with the exception of 
about 10 inches. But the case was very different 
where the surface was covered with soil and peat, 
where it became flat moorland on the summit, and 
more so where the land was cultivated and thrown into 
the character of a sponge. In general, however, with 
mountain watersheds, where the intermediate condition 
existed, the actual ascertained loss amounted to from 
13 inches to 15 inches per annum, according to the 
situation and some local circumstances, and might be 
taken at a mean of about 14 inches per annum." 

Supposing the situation to be one where this average 
loss of 14 in. in depth would occur, it is to be deducted 
from the 30 in. representing the mean annual depth of 
three dry years, as above, leaving 16 in. in depth over 
the whole drainage area, which represents the actual 
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quantity of water to be dealt with, being 363,000 
gallons in a year from every acre of drainage area, or 
very nearly 1,000 gallons per day per acre, and if 20 
gallons per head of population per day be allowed 
there would be required an acre of collecting ground 
for every fifty people, or for every ten houses (there 
being, on an average, about five inhabitants to a 
house). Thus, if the population to be supplied be 
10,000, the daily quantity of water required would be 
200,000 gallons, and the area of collecting ground 
200 acres, if the rain-fall be 86 inches. 

Where, as above stated, the whole of the available 
quantity of water due to a given area may be taken for 
the supply of a population, it will in general be neces- 
sary to afford water-compensation to the streams and 
mills out of a separate reservoir ; but in some cases 
water-compensation is given out of the same reservoir 
from which the supply to the population is derived, 
in which case the watershed area must be one-half 
greater than that above stated. 

The next step would be to find a suitable site for the 
construction of a reservoir into which the water falling 
upon the drainage area would flow, and the next step 
would be to determine the size of the reservoir — ^the 
quantity of water it should hold. We know that 
many storage reservoirs have failed to contain a 
sufficient quantity of water to last through a long 
drought at the rate of delivery out of them which had 
been calculated upon as the daily supply. 

In the first place, averages of many years* rainfall 
hav^ been taken without deduction for the excessive 
floods which cannot be stored in reseiToirs of any 
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practicable size, and a certain proportion of the 
average has been deducted for loss by evaporation and 
absorption, without regard to the absolute quantity of 
that average. Thus, when the average annual rainfall 
has been ascertained to be, say, 45 in. in one place 
and 30 in another, one-third, or some other pro- 
portionate part has been deducted for loss, and the 
remainder set down as the available quantity, giving in 
the first of these assumed cases 80 in. available and in 
the other 20 ; and it is quite possible that by accident 
both these might be the true quantities available in 
certain situations, if the precaution were taken to 
deduct excessive floods which swell the average beyond 
a point that can be dealt with in any reservoir that 
could be practicably constructed ; but experience has 
shown that the loss by evaporation and absorption 
does not bear any fixed ratio to the rainfall, or to its 
average amount, and that it is almost a constant quantity 
in any year in the same place, whether it be a wet year 
or a dry one. These two sources of error are avoided 
by first deducting one-sixth, or thereabouts, from the 
yearly average, and then deducting an absolute depth, 
being that due to the loss by evaporation or absorp- 
tion, the result being a quantity which may fairly be 
relied upon. The depth of rainfall to be deducted for 
loss cannot be directly ascertained; from a water 
surface the evaporation is about 30 in. in depth in a year, 
but from the surface of a collecting ground it cannot 
be directly measured. The way in which it is ascer- 
tained is by the indirect method of deducting the 
known quantity collected from the known quantity 

p 

Digitized by VnOOglC 



210 SANITARY WORK. 

resulting from a certain depth of rainfall on a known 
area of ground, the difference being the loss. 

But another source of error has been to under- 
estimate the length of time droughts may continue in 
certain situations, and not sufficiently taking into 
account the number of days on which rain falls in any 
given period (as a year), which varies very much in 
different places ; for the fewer wet days there are in a 
given time the greater number of days' supply should 
the reservoir hold, whatever be the annual rainfall, and 
consequent daily regulated supply. 

Large storage reservoirs, such as those now under 
consideration, are usually made by constructing an 
embankment across a valley, and making use of the 
hollow thus formed by nature to hold the quantity of 
water desii'ed. The best site for a reservoir, therefore, 
is one where (1) a bank can be made under or by which 
water cannot pass, when dammed up to a considerable 
height ; (2) where the ground has sufficient stability, 
not only in itself in its natural state, but afterwards 
when it may be more or Isss penetrated by the water 
penned up, so that no slip may occur; (3) where a 
wide and comparatively level expanse of groimd exists 
below which the sides of the valley approach each 
other so that a short bank, and one not too high, may 
impound a large quantity of water ; if the first re- 
quirement exists the fourth will be secured, viz., that 
there should be a sufficient quantity of retentive 
material to form a core, or trench and wall, of water-- 
tight material, such as clay. 
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The quantity of water supplied by a pump may be 
measured by the capacity of the working barrel and 
the speed, deducting from the quantity so found 
about 10 per cent, for leakage of valves and other 
losses: and water is sometimes measured in a simi- 
larly mechanical manner by meters ; but when the 
water flows, or can be made to flow, from a pond, over 
a weir, or through a notch in a plank or iron gauge, 
the quantity may be ascertained in the following 
manner, provided the thickness of the sill over which 
the water falls be properly regarded, and providing the 
weir or gauge be truly level, and that proper pre- 
cautions be taken to prevent the water passing under it 
or past the ends. 

The velocity with which water falls over such a 
baiTier follows the same general law which affects other 
heavy bodies falling freely,— that is the force of 
gravity. A heavy body falls 16*08 ft. in the first 
second of time after its descent from a state of rest, 
and acquires at the en^ of that time a velocity of 
S2*16ft. per second, which is called the force of 
gravity, and is r epresen ted by the letter g. The 
formula is V = \/ '^ fl' H, when V = the velocity in feet 
per second; g = the force of gravity. = 32'16 ; and 
H = the height in feet. Therefore V = \/oi^82H = 
8-02 VH. 

In the case of a weir or a notch-board the height H 
is synonymous with the depth of water. The depth 
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to be calculated upon is not that immediately over the 
sill of the weir, but is the whole height from the siU to 
the level of the water above the weir where it is out of 
the influence of the current. When water approaches 
a weir, or notch-board, the surface is drawn down for 
some feet up-stream, being influenced by the draught 
of water through the passage, and in measuring the 
depth it is necessary to take it at some point out of the 
influence of the current. 

It has been stated above that the velocity with 
which water falls over a weir is as the square root of 
the depth, and when the whole depth is taken the 
velocity due to it is that of the lowermost filaments or 
threads (as it were) of the sheet of water flowing over. 
These are pressed outwards by a force which is that of 
the whole head of water, from the sill up to the level 
of stiU water, and did they issue from an orifice at that 
depth would spout out much farther than they can do 
with the superincumbent sheet of water upon them. 
The uppermost filaments have no velocity which is due 
to the pressure of a head of water, and the velocity 
which they do acquire is caused by those below slipping 
horizontally from under them and letting them down 
gradually from the bottom •upwards, causing a de- 
pression over the sill, which gives an inclination to the 
surface of the water for some few feet above the weir 
or notch-board. 

This inclination of the surface is differently pro- 
duced from that of a river in train, and is due to the 
loose end of the stream, whereby the lowermost par- 
ticles escape faster than those above them, the whole 
number becomingj amalgamated into one stream, which 
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takes a direction due to that filament which is at the 
depth due to the mean velocity of the whole stream. 
The velocity of the fluid threads at eveiy part of the 
depth being as the square roots of their depths below 
the surface, the mean velocity of them all is necessarily 
§ of that of the lowermost, and the whole sheet of 
water assumes the curve which that filament would do 
which is at the depth to which the mean velocity is 
due, if it could issue alone. The point in the depth 
at which the mean velocity of the whole takes place is 
at the depth of -J of the whole depth, and the mean 
velocity is that due to ^/^d = ^ s/d, which is, when 
the constant multiplier is interposed, f of 8*02 sfd^ 
5*85 V d, which is the true expression of the mean 
velocity of all the filaments of water passing through 
the notch, or over the weir; and were there no ob- 
struction to the flow the quantity discharged would be 
found by multiplying this velocity into the depth and 
into the length of the weir ; but by no form of con- 
struction can the actual discharge reach this theo- 
retical discharge, because, first, the theory assumes 
the falling body to fall in vaciw, whereas in practice it 
falls through the air, and although atmospheric air at 
a barometric pressure of 30 inches of mercury is of a 
density only about the -g-fr part of that of water, yet 
it offers some small resistance ; and, moreover, while 
the theory takes no account of friction against the 
bottom or sides of the notch or weir, or of the diver- 
gence of the particles of the stream passing through 
the opening, the actual discharge is diminished by 
these influences also. The more abrupt the opening 
the greater aro the disturbances of the flow. If we 
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were treating of hydrauKcs in general we should see 

how, by the appliance of wing-boards above the weir, 

or, in the case of orifices wholly below the surface, by 

adjutages below the opening, the discharge is increased 

to almost the whole quantity indicated by theory, but 

those are not the circumstances imder which water is 

gauged in ordinary practice. 

In calculating the quantity discharged the depth 

enters twice into consideration. In the first place it is 

an element of the sectional area of the stream, and in 

the second of the velocity. The sectional area is as the 

depth, and the velocity as the square root of the depth. 

The cubic quantity discharged is tlierefore as d V ^ or 

as ^/l£^. If the quantity be taken in cubic feet per 

second per foot in length of the weir it is 5'35 \/^ 

by the theory of falling bodies, the depth being 

measured in feet ; and if it be taken in cubic feet per 

minute it is 821 V3^ per foot in length of the weir. 

But it is more convenient to measure the depth in 

inches, in which case the constant 321 must be divided 

by the square root of the cube of 12, or \/l728 = 

321 
41*57, and .i-?= = 7*72, the constant of the theoretical 
41"o7 

quantity per foot in length of weir when the depth is 
measured in inches and the quantity in cubic feet per 
minute. If we put I = the length of the weir in feet, 
this quantity would be 7*72 I s/W, 

But practice has proved that not only is the actual 
discharge less than that of theory under every con- 
dition of a weir, but that the constant multiplier varies 
with both the length and the depth. By measuring 
in lai-ge tanks the actual quantities discharged under 
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various conditions of dej^th of water, length of weir, 
and thickness of lip, and dividing these quantities hy 
the areas of the openings, certain coefficients have 
been found which bear the same relation to unity 
which the quantities discharged bear to the theoretical 
quantities, under the same conditions of length and 
depth. 

Various observers have found the coefficient to be 
from about '58 to about "68, and if we take the mean 
of all to be '623 the theoretical constant 7*72 would 
be reduced to 4*81, so that if we put Q = the quantity 
discharged in cubic feet per minute, d = the depth of 
water in inches, and I = the length of the weir in feet, 

Q = 4-81iVd^ 

By this formula it is assumed that the quantity is 
proportionate to the length, but it is not exactly so, 
for the shorter the weir, compared with the width of 
the stream and with the depth of water flowing over 
it, the greater should be the proportionate diminution 
of discharge due to the contraction of the two ends of 
the weir ; and Mr. Francis, in the formula resulting 
from his experiments at Lowell, U. S., makes a cor- 
rection for this. His formula is Q = 200 {I — 01 n d) 
\/d^, d being taken in feet, but if we take din inches, 
and divide the constant 200 by the square root of the 
cube of 12, Q = 4-81 {I— -00833 n d) ^^dJ, n being 
the number of end contractions. 

The effect of the end contractions in the case of a 
weir with one opening five feet long, and a depth of 
water of six inches, is to reduce the quantity dis- 
charged by about seven cubic feet per minute ; thus, 
4-81 I y/dr^ = 4-81 X 5 x 14*7 = 353 cubic feet per 
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minute, and 4-81 (l — '008iSnd) n/^/* = 4*81 (5 — 
•00833 X 2 X 6) X 14*7 = 346 cubic feet per minute, or 
by about 2 per cent, in this case. 

Except those of Mr. Francis, the most important 
experiments on a large scale which have been made on 
the flow of water over weirs were made by Mr. 
Blackwell, on the Kennett and Avon canal, in 1850. 
These were made from a penectly still head, the area 
of the pond from which the water flowed being upwards 
of two acres in extent. 

These experiments were upwards of 200 in number, 
and were made with weirs of three feet, six feet, and 
ten feet in length ; with thin iron plates ; with planks 
two inches thick ; and with broad-crested weirs, re- 
sembling ordinary weirs on rivers, the width of crest 
in the experiments being three feet. The coefficients 
were found to vary with the depth of water and also 
with the length of weir, and with the thickness of the 
lip. 

The following is an analysis of those experiments of 
Mr. Blackwell which, in point of dimensions, come 
most under the conditions of ordinary practice ; — ^I 
mean, of course, which, within the scope of the experi- 
ments, are most proportionate to the dimensions of 
ordinary stream gauges. The gaugings of exceptional 
depths with certain lengths are most valuable, as re- 
lated in full by Mr. Blackwell in his paper contributed 
to the Institution of Civil Engineers, but I have been 
content to adduce the results within a depth of nine 
inches ; also not to include the experiments on weirs 
with wing-walls, and those made with short wide- 
crested weirs. 
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The general formula is Q = cl \/d^, m which Q 
= the quantity of water discharged per minute ; 
d = the depth in inches from the surface of still water 
to the lip of the weir ; I = the length of the notch in 
feet, and c = a constant multiplier found by experiment 
to equilibrate the terms Q and { \/d^. This constant, 
c, is found by measuring in a tank the quantity oi 
water which falls in a certain time &om a notch of a 
certain length with a certain depth of water flowing 
over it; each one of these items being a subject of 
measurement. The constant, c, is therefore arrived 
at independently of the relation between the theoretical 
result and the practical result. But inasmuch as the 
conditions under which experiments are made must 
be limited, while those of practice are unlimited, it is 
very useful to compare the actual discharge under 
given conditions with that which is due to the theory 
under the same conditions, and this is best explained 
by dividing the constant multiplier, found by experi- 
ment to be necessary, in each of the given conditions, 
by the constant multiplier of the theory. The result 
is the coefficient, which bears the same relation to 
unity as the actual discharge bears to that of theory. 
In the following table it is the result of dividing the 
actual constant in each case by 7*72, the theoretical 
constant, when the quantity is taken in cubic feet per 
minute, the depth in inches, and the length in feet. 

6*17 
Thus, jr— ^ = '67, the mean coefficient of all lengths 

and all depths over notches in thin plates. Averages 
are not always to be relied upon, but it may be oh- 
served that the combination of all lengths with all 
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depths, within the range of these experiments (which, 
indeed, were numerous), shows an average constant of 
5-17 for thin plates, 4-35 for 2-in. planks, 3-93 for 
weirs with wide crests sloping 1 in 18 across, and 3*66 
for similar weirs with level crests ; the corresponding 
coefficients being -670, -563, '608, and '474. 

Analysis of Mr, BlackwelVs Expenments on the flow of 
water over Weirs, within the limits before mentioned. 



THIN PLATES. 



Depths. 


1 in. to 3 in. 


3 in. to 6 in. 




Mean of aU 
depths. 


Notcli 3 ft. long. 
„ 10 ft. „ 

• 


Value 
ofc. 
510 
5-76 


Coeff. 

•600 
•746 


Value 
ofc. 
4-68 
5-16 


Coeff. 

•606 
•668 




Value 
ofc. 
4^89 
5-46 


Coeff. 

•633 
•707 


Mean of all lengths. 


6-43 


•703 


4-92 


•637 




6-17 


•670 



PLANK WEIRS, 2 IN. THICK. 



Depths. 


1 in. to 3 in. 


3 in. to 6 in. 


6 in. to 9 in. 


Mean of uU 
depths. 


Notch 3 ft. long. 
tt 6 ft. „ 
„ 10 ft. „ 


Value 
ofc. 
3-96 
4-14 
4-08 

4 06 


Coeff. 

•512 
•536 
•528 


Value 
ofc. 
4^44 
4-62 
4-56 


Coeff. 

575 

•598 
•590 


Value 
ofc. 
4 62 
4^44 
4 32 


Coeff. 

•598 
•575 
•559 

•677 


Value 
ofc. 
4-34 
4^40 
4-32 

4 35 


Coeff. 

•562 
•570 
•559 


Mean of all lengths. 


•525 


4-64 


•588 


4-46 


•568 
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OREST 3 ft. wide, SLOPINQ 1 IN 18 ACROSS. 



Depths. 


1 in. to 4 in. 


4 in. to 8 in. 




Mean of all 
depths. 


Weir 10 ft. long. 


Value 
of c. 
3-78 


Coeflf. 
•489 


Value 
of c. 
4-08 


Coeff. 
•628 




Value 
ofc. 
3-93 


Coeff. 
•508 



CREST 3 ft. wide, LEVEL ACROSS. 



Depths. 



Weir 10 ft. long. 



1 in. to 5 in. 



Value 
ofc. 
3-54 



Coeff. 
459 



5 in. io 8 in. 



Value 
of c, 

3^78 



Coeff. 
•489 



8in. tolOin 



Value 
ofc. 
3-66 



Coeff. 
•474 



Mean of all 
depths. 



Value 
ofc. 
3^66 



Coeff. 
474 



When an opening through which water issues is 
wholly below the surface of the pond, the velocity with 
which it issues is proportional to the square root of 
the head, that is, the height from the centre of the 
opening to the surface of the water, if the opening on 
the lower side be not covered with water ; where water 
18 discharged from one pond into another, through an 
opening wholly below the surface of the lowermost, the 
head is the height from the surface of one pond to 
that of the other. By tlie theory of falling bodies 
the velocity would be 8*02 y/ h, h being the head of 
water in feet, and the velocity being measured in feet 
per second ; but this velocity is never attained in prac- 
tice ; the opening is always more or less abrupt, and the 
whole body of water does not issue in a direction at 
right angles with the line of the opening, but, at the 
sideSf is forced to converge towards a point outside, at 
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which point the cross sectional axea of the body of the 
water is only about two- thirds of that of the opening. 
The velocity of the central portion of the body of water 
is probably as great as the theory indicates, but it is 
retarded at the sides by the friction against them, so 
that, besides the contraction of the area of the stream, 
the mean velocity of all its particles is also reduced 
below the theoretical velocity. Combining these two 
effects, the practical result is to reduce the discharge 
in the ratio of about 8 to 5. 

In Banks's treatise on mills, a summary of coeffi- 
cients found by numerous observers is given as fol- 
lows : — 

Newton, '707; Bossut, '615; Banks, •750; Miche- 
lotti, '625 ; Helsham, *705 ; Smeaton, '6S1 ; the mean 
of which is '672, but it is to be remarked that the ex- 
p'eriments of Bossut and of Michelotti were made on a 
larger scale than the others, and are more to be relied 
upon. 

Experiments by Brindloy and Smeaton, with holes 
1 inch square, show the times in which 20 cubic feet 
of water ran out under different heads to be &s 
follow : — 

1 ft. head, 9 minutes 22 seconds. 

2 „ 6 „ 40 „ 

3 „ 6 „ 20 ., 

4 „ 4 „ 44 „ 

5 „ 4 „ 14 „ 

From these we deduce the following coefficients, via., 
•64, -63, -64, -63, and '03 respectively. 

In a report to the British Association, Mr. George 
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Reimie gave the results of the observations of others 
than those above named, as follow : — ^Venturi, '640 ; 
Borda, '646; Eytelwein, -640; Hachette, '690; 
Brindley and Smeaton, '631 ; Rennie, *621 ; Poncelet 
and Lesbros, '600, '605, and '593; also from other 
experiments, '611, '618, and '611. The mean of all 
these is '625. 

If there were no obstruction to the flow the quan- 
tity discharged in cubic feet per second would be 
Ax 8y/h, A being the area of the opening in square 
feet, and h the head of water, but the combined in- 
fluence of friction and reduction of cross sectional area 
of the stream causes a reduction in the constant to 5, 
in ordinary cases; so that the actual quantity dis- 
charged is A X 5 VT, through abrupt openings. With 
trained walls and other api)liances the discharge would 
approach nearly to that indicated by the theory; Mr, 
Beardmore gives the constant 7*5 for such cases. 

The word coefficient is used sometimes to express 
the quantity which I have called the constant, and 
perhaps there can be no liability to error in taking the 
word indiscriminately, although it would seem that the 
two quantities should be differently named. The con- 
stant is a quantity found by experiment to equihbrate 
two other quantities which are stated by the theory 
adopted ; but a coefficient I take to be a decimal which 
shows the ratio between the theoretical and the rrac^ 
tical quantities. 
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If the channel by which water is conveyed be an 
open cutting in the ground, the velocity of the stream 
must be small, as may be seen from what we have said 
(p. 77,) on the effects of scour on various materials, 
and therefore the dimensions of the channel must be 
proportionately large, and the fall proportionately 
small. A waterworks conduit, however, is usually 
lined with stone or brickwork, or with concrete, in 
order that a greater velocity may be given (the differ- 
ence of level of the two ends usually permitting it), 
and the dimensions reduced. In this way a sufficient 
velocity is obtained to prevent the surface freezing, 
and to prevent the muddying of the water which would 
take place by running with considerable velocity over 
a natural bed. A mean velocity of from 2 ft. to 2 J ft. 
per second is not an unusual one in practice. Eytel- 
wein's equation, v = '9 V ^ is applicable to such a 
channel, in which v = the mean velocity per second, 
h = the hydraulic mean depth, / = the fall of the 
conduit in 2 English miles. 

Thus, with a hydraulic mean depth of 6 inches, and 
a fall of 6i ft. per mile, the mean velocity would be 
2 J ft. per second, for h = '5 and/= 12*5 and v = '9 
v/ •5x12-5 = 2-25. 

Such a channel might be so formed that the depth of 
water might be 1 ft., the width at the surface of the 
water 3 J ft., and the width at the bottom f ft. The 
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mean width would then be 2 ft., the sectional area 2 
square ft., and the quantity of water conveyed 4J cubic 
ft. per second, or 270 cubic ft. per minute. Larger 
channels, in which the hydraulic mean depth is greater, 
require proportionately less fall to maintain the same 
velocity ; thus, if the hydraulic mean depth be 1 ft., 
and the velocity, as before, 2J ft. per second, the fall 
would be only half as much as in the other channel, for 

v^ 6-06 
/= TqTT = Toj" = 6*25, or 3J ft. per mile. 

Such a channel might have a width at the surface 
of the water of 6§ ft., at the bottom of IJ ft., and 
a vertical depth of 2 ft. The mean width would 
then be 4 ft., the sectional area 8 square ft., and the 
quantity of water conveyed would be 18 cubic feet per 
second, or 1,080 cubic feet per minute. (The quantity 
in cubic feet per minute is converted into gallons per 
day by multiplying by 9,000.) 

By that process the approximate quantity of water 
running in an existing channel may be found, but the 
more usual thing to be determined in a waterworks is 
the sectional area of the conduit from the known 
quantity of water required to be conveyed with a given 
velocity. In this case the first consideration is the 
rate of fall which circumstances permit, so as to deli- 
ver the water at a sufficient elevation above the place 
to be supplied. The highest part of the district to be 
supplied determines at what elevation the service reser- 
voir should be, and taking that as a datum the rate of 
fall in the several parts of the line of conduit up to the 
source may be accommodated to the requirements of 
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the several parts of the ground. In some parts a con- 
duit following the contour of the ground may be most 
economically made, while in other parts it may be ne- 
cessary to confine the water in pipes under pressure, 
and in some places a short valley or ravine may be 
crossed by an aqueduct. 

Open channels in the ground, however, which con- 
vey water for domestic use, require to be fenced in, 
and the expense of that is in some cases greater than 
the expense of covering the conduit, when it is of 
small dimensions. Covered conduits are mostly of 
one or the other of two forms : either completely cir- 
cular, or with vertical sides and arched cover, the bot- 
tom in this case being usually formed with an inverted 
arch from side to side, unless flagstones are used. 
The choice of one or the other form depends chiefly 
on the local materials used. The quantity of material 
required is less in the circular form, but in this case the 
beds of the stones should be dressed or the bricks 
moulded to the radius of the curve, in order to make 
good work ; and the labour of this costs more than 
the extra materials in the other form, where they are 
abundant. 

To prevent leakage the conduit is sometimes laid in 
puddled clay, from 8 to 12 in. thick, worked with little 
water, up to the middle of the height of the conduit, 
or higher; and to prevent the percolation of water 
from the surface, in places where it might be injurious, 
the puddling is completed over the arch. 

Instead of being backed with puddle the beds and 
joints of the heart of the walls may be filled with 
asphalte, hydraulic lime mortar being used for fhe 
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inner and enter parts of the beds and joints, as in 
the following Figure. 

Fig. 49. 




ixi: 




It is essential to the purity and freshness of the 
water delivered at the lower end of any conduit that 
during its passage it should take up oxygen from the 
atmosphere as fast as it gives out that which had been 
previously absorbed, and to this end an open -channel 
is preferable to a covered one, but where it is neces- 
sary to cover the conduit full provision should be 
made for its ventilation. The number of openings 
forming communication between the interior of the 
conduit and the atmosphere cannot be too many. The 
proper number will depend upon the degree of free- 
dom from organic matter of which the water may 
originally be, but 100 yards would seem to be as far 
apart as the ventilating shafts should be in any case ; 
and these, while having each a large area, should be 
protected by a hood from the possibility of pollution. 

The quantity of water conveyed by either form de- 
pends upon the same conditions which affect the flow 
of water in open channels, and the conduit must always 
i-un somewhat short of full ; half-full is the usual max- 
imum state. Such conduits must therefore necessa- 
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rily follow the contour of the ground for the most part, 
although when a ravine or short valley has to be 
crossed that is easily done, without breaking the con- 
tinuity of the gradient, by supporting the aqueduct 
upon piers brought up from the ground below. 

To convey water under pressure from a high source 
along low ground, the principles to be -regarded are in 
some respects different from those we have considered. 
The free oxygen originally contained in the water can- 
not escape, or should not be allowed to do so if at all 
possible. Cast-iron pipes are used for such conduits, 
and if the ground along the line chosen for the pipe do 
not in any intermediate part rise and fall again, the 
air originally contained in the water will for the most 
part be retained until the water is delivered at the 
other end, but if circumstances make it necessary to 
lay the pipe over intermediate and subordinately high 
ground, the air will accumulate at these high inter- 
mediate points, and it then becomes necessary to pro- 
vide for its escape, otherwise the pipe will become air- 
locked, and the flow of water retarded or wholly 
stopped, besides creating danger of bursting the pipe, 
from the concussion which the elasticity of the air 
allows the water to give to the pipe in the throbbing 
action caused by the repeated efforts of the column to 
pass the obstruction ; and these efforts are cumulative; 
so that in all such cases air-escapes are fixed on the 
pipe. When delivered into a suflSciently large reser- 
voir it again in part takes up air. 

Whether the pressure which causes water to travel 
through a pipe be that of a natural head of water at a 
high level, or whether such pressure be artificially 
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given to it by a pump at a low level, is immaterial ; 
the actual pressure must be the same in both cases ; 
and in the case of a pumping main air-escapes at high 
intermediate points are still more necessary, for besides 
the risk of bursting the pipe without them, there is 
the risk of breaking the engine by the sudden relief of 
its load. But in pumping mains intermediate rises 
seldom occur. Where the ground does itself rise and 
fall again intermediately, the pipe is made to rise con- 
tinuously by cutting through the hill. 

Supposing air locks to be avoided, it is necessary to 
see that no unnecessary obstruction to the flow of 
water be offered by sharp bends. When none of these 
causes of obstruction exist, and the resistance to the 
flow of water is that due to the Mctioa of the water on 
the sides of the pipe, the pressure necessary to give 
any required velocity may be calculated by Eytelwein's 

formula,— t; = 60 4 /ZMZ. 

V l + 60d 
where v = the mean velocity in feet per second, d = 
the diameter of the pipe in feet, and h the head of 
water in feet necessary to give the velocity v : Squar- 
ing both sides of this equation, v^ = 2,500 rr^KfTl 

^ , v^r+Wd 

^^^= 2,500 d 

The correction 50 d is made for short lengths of 
pipe, but in waterworks mains, such as those now 
under consideration, the correction may be neglected, 

and the equation is simply t; = 50 i/ -7- and 
~ 2,500 d Digitized by Goc^Ie 
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As in the case of open channels, a good working 
velocity is from 2 ft. to 2^ ft. per second in conduit 
pipes also. It may be found by calculation that about 
2J ft. per second is the most economical velocity 
through pumping mains, but for mains which convey 
water by gravitation the case is somewhat difterent, 
and in these, providing the source is sufficiently high 
above the point of delivery to give it, the velocity may 
be 8 ft. per second, or even more, economically, the 
size of the pipe being reduced accordingly. 

It should be observed that it is the ultimate quan- 
tity to be conveyed which should be thus regarded. 
Presently necessary quantities of water are usually 
much exceeded to meet increased requirements, and 
this fact, derived from experience, should be duly 
regarded in determining the sizes of pipes and 
conduits. 

If present velocity be made IJ ft. per second it 
allows for a growth of upwards of 30 per cent, in the 
quantity of water before passing the assumed best 
velocity, and when the quantity shall have increased 
50 per cent, more than the original quantity the velo- 
city will be 2J ft. per second, which is about the limit 
of economical working ; although twice as much water 
as may be supplied at first may be driven through the 
same pipe at a velocity of 8 ft. per second, when suffi- 
cient power is exerted to pump the water ; but it is to 
be observed that the expenditure of power increases 
much more rapidly than in the ratio of the quantities 
of water piunped through the same pipe ; it increases 
as the cube of the quantity, for, converting the power 
expended into the height which corresponds with the 
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pressure applied — that is, into the head of water — ^that 
height is proportional to the square of the velocity 
and therefore to the square of the quantity through 
any pipe of given diameter, and in respect of the 
power expended in pumping the water to this head it 
is as the head and the quantity, or as the cube of 
the quantity ; so that the power expended in pumping 
water through a pipe at the rate of 8 ft. per second is 
to that expended with a velocity of 2 ft. per second 
as 27 to 8, which is a ratio much greater than that 
between the cost of two pipes which shall deliver the 
same quantity of water in the same time at the rate of 
2 ft and 8 ft. per second respectively, for the cost of 
two such pipes would only be in the ratio of about 
11 to 8. 

From Eytelwein's equation already given, as trans- 
lated by Dr. Thomas Young, and given in Tredgold's 
Tracts on Hydraulics, the diameter (d) may be found 
when the head (A), the length (Q, and the velocity (v) 
are stated ; or the head may be found when the other 
terms are stated ; thus, ^__^ 



72,500 

. _ 2,500 d h 
I 

^- 2,500 fc 



dh 



2,500 d 

All dimensions being taken in feet, and the time per 
second. 

Or we may find each of these directly from the 
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quantity of water, for the quantity is the product of 
the cross sectional area of the pipe multiplied into the 
velocity, whilst the area is the square of the diameter 
multiplied into •7854. 

If Q represent the quantity of water in cubic feet 
per second, and if I, h, and d be taken as before, 

Q = -7854 cP X 604/^= 39-27 ^\/^ 
= 89-27 y/^ 

If the quantity be taken in cubic feet per minute, 
89-27 X 60 = 2,856, and 

* "(2:366)'''^ 

Eytelwein's equation has been adopted in calculating 
Table No. 5 in Beardmore's Hydraulic Tables. 

M. Prony, a French writer on hydraulics, as stated 
by Mr. Samuel Hughes in his treatise on water- 
works, derived from the same set of experiments which 
Eytelwein investigated, fifty-one in niunber, made by 
Du Buat, Bossut, and Couplet, the constant 48-49, 
instead of 50, as found by Eytelwein. 

Perhaps the formula which gives results more nearly 
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agreeing with observed facts under most ordinary cir- 
cumstances is Du Buat's. 

Du JBuat's formula, as given by Dr. John Robison, 
in his "Mechanical Philosophy," Art. Waterworks ^ 
is, in English measures, 

TT 307 (Vd— 0-1) „ 

Y= y\ y-x TT^-0'3 (x/J-0-1) 

Wherein V = the mean velocity in inches per 
second. 

d = the hydraulic mean depth in inches. 

8 = the slope or inclination of the surface 
of the current, and is the length 
divided by the fall. (Thus a fall 
of 8 ft. per mile is a slope of 1760.) 

L = the hyperbolic logarithm of the quan- 
tity to which it is prefixed, and is 
had by multiplying the common 
logarithm of that quantity by the 
number 2-3026. 

This fomiula is also applicable to pipes running full, 
and is very accurate for both pipes and open channels. 

To facilitate its application in practice Dr. Robison 
has given an extensive table of the logarithms of the 
values of 307 {y/d—0'1), of the values of 0-3 
(\/d— O'l) and the logarithms of the values of \/s— 
L\/« + l'6, of which the following tables are abridge- 
ments. The range of the hydraulic mean depth is 
from 1 in. (4 in. pipe) to 3ft. (large open channel), and, 
of a slope, from 1 in 240 to 1 in 3,200. 
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-3 


9 


2-94964 
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2-50426 
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9-5 


2-96167 


•89 


1-6 


2-53885 


-34 


10 


2-97319 


-92 


1-7 


2-66769 
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16 
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17 
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2-69989 


•49 


19 
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3-12783 
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22 


3-14899 
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-56 
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1-41 
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3-17734 
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27 
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3-20243 


1-66 
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29 
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81 
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110543 
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1-81597 
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1-42487 


260 


1-11553 
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1-82016 
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1-42746 
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1-12523 


590 


1-32426 


920 


1-43005 


270 


113453 


600 


1-82880 


980 


1-43268 


280 


1-14345 
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1-33226 


940 


1 •48516 
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1-15204 
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1-38614 
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1-48464 


800 


1-16035 


680 


1-88997 
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1-44011 
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1-16888 
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1-84373 
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1-44254 
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1-17612 
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1-34743 
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1-44498 
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1-18363 
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1-35108 
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1-44787 
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1-36513 
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1-36861 
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1-22485 
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1-37186 
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740 
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1-24232 
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1-38157 
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1-24805 


760 


1-88471 
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1-60004 
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1-25360 


770 


1-88782 
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1-25908 


780 


1-89089 
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1-62325 


460 


1-26433 


790 


1-89391 


2200 


1-63408 


470 


1-26951 


800 


1-39690 


2300 


1-64432 


♦480 


1-27461 
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1-39986 


2400 
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1-27957 


820 


1-40277 
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1-66368 
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1-28445 


830 


1-40564 


2600 


1-67261 
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1-28923 


840 


1-40678 


2700 


1-68183 
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1-29391 


850 


1-41128 


2800 


1-68971 
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1-29851 


860 


1-41408 


2900 


1-69780 


540 


1-30300 


870 


1-41683 


3000 


1-70558 
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1-30740 


880 
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8100 
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890 


1-42220 


8200 


1-72042 
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In the original tables the range of hydraulic mean 
depths is from -j^ inch to 100 inches, and of slopes 
from 1 in 1 to 1 in 24,000. The extreme numbers, 
however, seldom if ever occur in practice, and the 
numbers selected in the foregoing tables will be found 
to embrace most cases of practice in waterworks. 

It will be useful to compare, by example, thit 
formula with that of Eytelwein. It makes the velocity 
a little less than Eytelwein's rule, and is therefore pre- 
ferable, as erring, if at all, on the safe side ; while it 
makes some allowance for inequalities in the direction 
and inclinations of pipes and conduits. 

Example. — Required the mean velocity of a stream, 
the hydraulic mean depth of which (d) is 1 ft,, and its 
inclination (s) 1 in 1,800. 

By Table 1, Log. of 807 (V^ -O'l = 8-01401 
By Table 2, Log. of s/s-Ijs/s + VG^ 1'58747 
There remains . . 1*42654 
which is the log, of . . . . 26'70 

From which take, by Table 1, the 
value of 0-8 {y/d- 0*1) = . . I'Ol 

There remains . . 25*69 inches 

=2"14ft. velocity per second. 

According to Eytelwein's rule the hydraulic mean 
depth (/i) = 1 ; the fall m two miles (/) = — i qaa = 

5*87 ; and the mean velocity per second (v) = '9 
s/hf=z -9 Vix5-87 = 218 ft. 

Example. — Required the mean velocity through a 
12 in. pipe, the fall of which is 1 in 530. 

The hydraulic mean depth in the case of a circular 
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pipe is always ^ of the diameter^ and is in this case, 

therefore, Sin. 

By Table 1, Log. of 307 (s/ d-O'l = 2-69989 

By Table 2, Log. of s/s- LVsTTB = 1-29851 

There remains . . . 1-40138, 

which is the log. of . . . . 25-20 

From which take, by Table 1, the 
value of 0.3 {y/d - 0-1) = . . 0-49 

There remains • . 24-71 inches 

=2*06 ft. velocity per second. 

According to Eytelwein's rule the diameter (d) = 1 ; 
the head (A) = 1 ; the length (Q = 530 ; and the 

velocity per second {v) = 50 4/ — - . Squaring 

v xu -J ^ *v, ^- s 2,500 d h 2,500 
both sides of the equation, rr=-i = — '- = 

\ I 530 

4-717, the square root of which is 2-17 ft., the velocity 
per second. 

But if, as Eytelwein directs, we add the correction 

50 d to the length, then -_ = 4*31, the square root 

ooO 

of which is 2*08 nearly, and this agrees very nearly 

with the velocity found by Du Buat's formula. 

The following are the parts of the Act relating to 
water- works to which we point attention. Under sec, 
54, a local authority has the same powers for laying 
water-pipes as for laying sewers, which we have akeady 
described, both within the district and beyond it. 

By sec. 61, any local authority may supply water to 
tlie local authority of an adjoining district, and this is 
of much importance, for in some rural sanitary districts 
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it is very difficult to find water of suitable quality and 
sufficient in quantity, while in an adjoining district 
there may be an abundance of good water more than 
the sanitary authority of that district require for their 
own population, present and prospective. 

Some people think that the water procurable within 
any watershed area should be reserved for the use of 
the population of that area alone, but that must be 
allowed to be a view too strict for the occasion. 

Section 62 is to the eflFect that where any house is 
without a proper supply of water the local authority 
shall give notice to the owner to obtain a proper sup- 
ply, the occupier paying the water rate authorised by 
the local Act, if any, or where there is not any local 
Act in force, then at a cost not exceeding twopence a 
week; but the Local Government Board may order 
the rate to be more than twopence a week, if the local 
authority apply to them, and show that it is not suffi- 
cient in any particular case. 

This question is one of practical difficulty for every 
local authority where water works are not established. 
Take, for instance, a village or small town where one- 
half or two-thirds of the houses have wells upon the 
premises which furnish a supply of water to those 
houses of an indiflferently good quality for drinking 
and culinary purposes, and the rain-water tanks of 
those houses (after an expenditure similar to that 
before stated) furnish a certain quantity of water for 
washing and bathing purposes. Further, suppose these 
houses to have been built by or to be occupied by the 
pecuniously better sort of the people in those parts of 
the town or village where water could be had by sink* 
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ing these wells. Now the local authority have to meet 
this difficulty ; they find the other half or third part 
of the houses upon ground which yields not even 
indifferently good water, but water which (if any at all 
be found by sinking a shallow well, such as could be 
paid for by a rate of twopence a week) is not fit to 
drink. How shall the local authority proceed? If 
they order that any given house be furnished with a 
proper supply of water, the owner will do his best to 
meet the order by sinking a well. If the water hap- 
pen to be good, so ; but if not, the local authority will 
have stultified their own position, and will have ordered 
to be done to-day what they must order to be undone 
to-morrow, for if the water is not good they must put 
in force the 70th section of the Act. 

I have thought it well to give this view of the case, 
because the difficulty often arises and has caused dis- 
putes in local councils as to the interpretation of the 
62nd section, but it is evident that that section does 
not apply to such a case, but that it contemplates that 
a general water supply is at the command of the local 
authority, and that any house may be ordered to be 
supplied from that general source if the charge will not 
exceed twopence a week, &c. 

Even if good water could be procured from a shallow 
well sunk on the premises of the house to be supplied, 
the cost would in general be more than twopence a 
week would cover. 

Any usual water rate is one which covers all costs 
and charges of making and maintaining the works, and 
the current expenses of the supply ; and the twopence 
a week, or 8s. Sd. per annum, must be considered as like- 
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wise covering all such costs, charges, and expenses of the 
supply ; and a fair rate of interest on the outlay woulcj 
be 6J- per cent., to cover the interest and charges upon 
the money expended. The money to be expended, 
therefore, must not exceed about £6 ISa,, or say £7, in 
order that twopence a week may be an adequate charge 
for the water supply. A well would in most cas6s cost 
more than that. 

The PubHc Health (Water) Act, 1878, enacts that it 
is the duty of every rural sanitary authority to see that 
every occupied dwelling-house has, within a reasonable 
distance, an available supply of wholesome water, and 
that where a house has not such a supply, and if it can 
be procured for a sum the interest on which, at the rate 
of 5 per cent, per annum, would not amount to more 
than 2d. per week, the sanitary authority may call upon 
the owner of the house to provide the supply. 

The sum of 8s. 8d. a year, or 2d. per week, would 
be 5 per cent, interest on the sum of ^8 IQs. 4d. If 
the supply cannot be procured for this, but may for a 
sum which Qd, a week would pay 5 per cent, interest 
upon, that is £18, the sanitary authority may still caU 
upon the owner to procure the supply, but they must 
first have the sanction of the Local Government Board, 
who will determine whether it is reasonable or not. 
If the owner of the house fail to comply with the 
requirement of the sanitary authority they may do the 
work themselves — after one month's grace beyond the 
six months' notice which they must give in the first 
instance — and charge three-fourths of the cost upon 
the owner and one-fom'th upon the occupier ; not, how- 
ever, to be paid in one sum in either case* but in such 
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instalments as the sanitary authority may direct. 
These are called private improvement expenses, and 
are, in the first instance, paid hy the occupier, who 
deducts three-fourths of the amount of each instalment 
from the rent next becoming due. 

If there are two or more houses requiring a supply 
of water in the same way, that is, if the owners fail to 
comply with the notice given to them to do the work 
within the time specified, the sanitary authority may 
make one work to supply the two or more houses, if 
the expenses will be no greater, and may apportion the 
repayment of the expenses as they deem just. But 
these provisions of the Act of 1878 do not relieve the 
authority from the duty imposed upon them by the 
general Act of 1875, of providing their district with a 
supply of water where danger arises to the healtli of 
the inhabitants from the insufficiency or unwholesome- 
ness of the existing supply, and a general scheme of 
supply is required, and such supply can be got at a 
reasonable cost; and if an owner of a house, having 
been required to procure a supply as above mentioned, 
objects on the ground that the authority ought them- 
selves to provide a supply of water, or render the ex- 
isting supply wholesome, or that the whole or part of 
the expense of providing the supply ought to be a 
general charge, he may state his objection to the 
authority, whereupon they are not to proceed with the 
execution of the works without the sanction of the Local 
Government Board, who may, if they think it equitable 
so to do, apportion the expense of providing the supply 
between the owner of the house and the sanitary 
authority. This Act came into force on the 25tli 
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March, 1879, and any house huilt or rebuilt since thai 
date cannot be lawfully occupied, nor can the owner 
lawfully permit it to be occupied, unless the sanitary 
authority has certified that there is provided within a 
reasonable distance a supply of wholesome water avail- 
able by the occupier. Any owner who occupies a house 
or causes or permits it to be occupied without such 
available supply of water, is liable to a penalty. This 
Act lays upon every rural sanitary authority the duty 
of ascertaining the condition of the water supply 
within their district. Water in a well on the premises 
of a house, or a public well within a reasonable dis- 
tance, may not perhaps strictly be a " supply,'* but we 
imderstand it to be included in that term. Any person 
authorised by the authority may, if he has reasonable 
ground for believing that a house is without a proper 
supply of water, enter upon the premises and ascertain 
whether that is so or not, and whether the supply, if 
any, is within a reasonable distance. Where a rural 
sanitary authority have provided a stand-pipe or stand- 
pipes for the supply of water, they may recover water- 
rates or water-rents from the owner or occupier of 
every dwelling house within 200 feet of a stand-pipe, 
in the same manner in all respects as if the supply had 
been given on the premises; but if, amongst the 
number, there be any house which already has a proper 
supply, no water-rate or water-rent is to be charged 
upon it unless and until the water of the stand-pipe is 
used by the inmates of the house. 

In the previous year, that is in 1877, an Act was 
passed with the long title "The Limited Owners 
Reservoirs and Water Supply Further Facilities Act," 
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the object of which is to facilitate the procuring of a 
supply of water from lands belonging to owners who 
may be willing to let the water they possess be used for 
domestic and other purposes by sanitary authorities 
and others^ but whose means and term of interest in 
the estate may be limited so as to prevent them doing 
so without some legislative facilities such as this Act 
provides. The basis of the Act is that in many places 
it would greatly conduce to the affording of a plentiful 
supply of pure water to tlie inhabitants of villages and 
towns, and to the industrial requirements of the 
locality, if facilities were given to landowners of 
limited interests to charge their estates with sums 
expended by them in constructing reservoirs and other 
works for the supply of water, provided they be of such 
a character as permanently to increase the value of the 
estates, so that the work may be deemed an improve- 
ment within the meaning of the 9th section of The 
Improvement of Land Act, 1864. A landowner 
charging his estate with the cost of the construction of 
reservoirs or other works may enter into an agreement 
for the supply of water to any sanitary authority, for 
the time during which the cost of the improvement is 
made a charge upon the estate, and means are pro- 
vided whereby advances may be made for the purpose 
of executing such works of water supply. 

By the " Water Companies (Regulation of Powers) 
Act " of 1887, it is provided that, in any case where 
the owner and not the occupier is liable to the payment 
of the water-rate in respect of any dwelling-house or a 
part thereof occupied as a separate tenement, no water 
company shall cut off the water supply for non-payment 
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of the water-rate ; but such rate, with interest at £6 
per cent, per annum, shall be a first charge on the 
dwelling-house, and may be recovered, with costs, from 
either the owner or the occupier in the same manner 
as water-rates may be recovered. Proceedings are not 
to be taken against an occupier until notice shall have 
been given to him to pay the amount due for water- 
rate out of the rent due or to become due from him. 

In the event of the water-supply to a dwelling-house 
being cut oiF in contravention of the Act, the company 
cutting oflf the same will be liable to a penalty not 
exceeding £5 for each day during which the water 
shall remain cut oiF, which penalty is to be recoverable 
summarily by, and paid to, the person aggrieved. 
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PUBLIC HEALTH ACTS AMENDMENT 

ACT, 1890. 

(53 & 64 Vict. o. 59.) 

PART III.— SANITARY AND OTHER PROVISIONS. 

16. — (1.) It shall not be lawfiil for any person to 
throw, or suffer to be thrown, or to pass into any ^Jtonot 
sewer of a local authority or any drain communicating to pass into 
therewith, any matter or substance by which the free *®^*"* 
flow of the sewage or surface or storm water may be interfered 
with, or by which any such sewer or drain may be injured. 

(2.) Every person offending against this enactment shall be 
liable to a penalty not exceeding ten pounds, and to a daily 
penalty not exceeding twenty shUlinga. 

17.-^(1.) Every person who turns or permits to chemical 
enter into any sewer of a local authority or any drain J^^a' fte. 
communicating therewith — not to be * 

(a.) Any chemical refuse, or mtoJ.*^*** 

(6.) Any waste steam, condensing water, heated 

water, or other liquid (such water or other liquid being 
of a higher temperature than one hundred and ten degrees 
Fahrenheit), 
which, either alone or in combination with the sewage, causes a 
nuisance or is dangerous or injurious to health, shall be liable to 
a penalty not exceeding ten pounds, and to a daily penalty not 
exceeding five pounds. 
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(2.) The local authority, by any of their officers either gener- 
ally or specially authorised in that behalf in writing, may enter 
any premises for the purpose of examining whether the provisions 
of this section are being contravened, and if such entry be 
refused, any justice, on complaint on oath by such officer, made 
after reasonable notice in writing of such intended complaint has 
been given to the person having custody of the premises, may by 
order under his hand require such person to admit the officer 
into the premises, and if it be found ih&t any oflfence under this 
section has been or is being committed in respect of the premises, 
the order shall continue in force until the oflfence shall have 
ceased or the work necessary to prevent the recurrence thereof 
shall have been executed. 

(3.) A person shall not be liable to a penalty for an oflfence 
against this section until the local authority have given him 
notice of the provisions of this section, nor for an offence com- 
mitted before the expiration of seven days from the service of 
such notice, provided that the local authority shall not be 
required to give the same person notice more than once, 

Provision 18. — (1.) Where the owner or occupier of any 

authoriS^ premises is entitled to cause any sewer or drain from 
making com- those premises to communicate with any sewer of the 
with or alter- l^cal authority, the local authority shall, if requested 
d°^iiS°'* d ^ ^^ ®^ ^y ®^^^ owner or occupier, and upon the 
sewers. cost thereof being paid in advance to the local autho- 

rity, themselvea make the communication and execute 
all works necessary for that purpose. 

(2.) The cost of making such communication (including all 
costs incidental thereto) shall be estimated by the surveyor of 
the local authority, but in case the owner or occupier of the 
premises, as the case may be, is dissatisfied with such estimate, 
he may, if the estimate is under fifty pounds, apply to a court 
of summary jurisdiction to fix the amount to be paid for such 
cost, and if the estimate is over fifty pounds, have the same 
determined by arbitration in manner provided by the Public 
Health Acts. 

(3.) A local authority may agree with the owner of any 
premises that any sewer or drain which such owner is required, 
or desires, to make, alter, or enlaige, or any part of such sewer 
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or drain, shall be made, altered, or enlarged by the local 
authority. 

19. — (1.) Where two or more houses belonging to Extension of 
different owners are connected with a public sewer 38&39Vict 
by a single private drain, an application may be ^" *** * 
made under section forty-one of the Public Health Act, 1875 
(relating to complaints as to nuisances from drains), and the 
local authority may recover any expenses incurred by them in 
executing any works under the powers conferred on them by 
that section from the owners of the houses in such shares and 
proportions as shall be settled by their surveyor or (in case of 
dispute) by a court of summary jurisdiction. 

(2.) Such expenses may be recovered summarily or may be 
declared by the urban authority to be private improvement 
expenses under the Public Health Acts, and may be recovered 
accordingly, 

(3.) For the purposes of this section the expression " drain " 
includes a drain used for the drainage of more than one 
building. 

20. — (1.) Where an urban authority provide and g .. 
maintain for public accommodation any sanitary con- conve- 
veniences, such authority may — SJfbUc^ ^^^ 

(i.) Make regulations with respect to tho manage- accommo- 
ment thereof and make byelaws as to the decent 
conduct of persons using the same ; 
(ii.) Let the same from time to time for any term not 
exceeding three years at such rent and subject to such 
conditions as they may think fit ; 
(iii.) Charge such fees for the use of any w^aterclosets provided 
by them as they may think proper. 

(2.) No public sanitary convenience shall, after the adoption 
of this part of this Act, be erected in or accessible from any 
street without the consent in writing of the urban authority, who 
may give such consent upon such terms as to the use thereof or 
the removal thereof at any time, if required by the urban autho- 
rity, as they may think fit 

(3.) Any person who erects a sanitary convenience in contra- 
vention of this enactment, and after a notice in wTiting to that 

Digitized by VnOOglC 



246 APPENDIX. 

effect from the urban authority does not remove the same, shall 
be liable to a penalty not exceeding five pounds, and to a daily 
penalty not exceeding twenty shillings. 

(4.) Nothing in this section shall extend to any sanitary con- 
venience now or hereafter to be erected by any railway company 
within their railway station yard or the approaches thereto. 

21. With respect to any sanitary convenience used 
conv^ien- in common by the occupiers of two or more separate 
^JJi^lJ^^ dwelling-houses, or by other persons, the following 
provisions shall have effect : — 
(1) If any person injures or improperly fouls any such 
sanitary convenience, or anything used in connexion there- 
with, he shall for every such offence be liable to a penalty 
not exceeding ten shillings : 
(2.) If any sanitary convenience or the approaches thereto, or 
the walls, floors, seats, or fittings thereof is or are in the opinion 
of the urban authority or of the inspector of nuisances or 
medical officer of health of such authority in such a state or 
condition as to be a nuisance or annoyance to any inhabitant of 
the district for want of the proper cleansing thereof, such of the 
persons having the use thereof in common as aforesaid as may be 
in default, or in the absence of proof satisfactory to the court as 
to which of the persons having the use thereof in common is in 
default, each of those persons shall be liable to a penalty not 
exceeding ten shillings, and to a daily penalty not exceeding five 
shillings. 

22. — (1.) Every building, used as a workshop or 
oSvfflSen- manufactory, or where persons are employed or in- 
cesform^u- tended to be employed in any trade or business, 
* * whether erected before or after the adoption of this 
part of this Act in any district, shall be provided with sufficient 
and suitable accommodation in the way of sanitary conveniences, 
having regard to the number of persons employed in or in atten- 
dance at such building, and also where persons of both sexes are 
employed, or intended to be employed, or in attendance, with 
proper separate accommodation for persons of each sex. 

(2.) Where it appears to an urban authority on the report of 
their surveyor that the provisions of this section are not complied 
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with in the case of any building, the urban authority may, if 
they think fit, by written notice, require the owner or occupier 
of any such building to make such alterations and additions 
therein as may be required to give such sufficient, suitable, and 
proper accommodation as aforesaid* 

(3.) Any person who neglects or refuses to comply with any 
such notice shall be liable for each default to a penalty not ex- 
ceeding twenty pounds, and to a daily penalty not exceeouig 
forty shillings. 

(4.) Where this section is in force, section thirty-eight of the 
Public Health Act, 1875, shall be repealed. 

23. — (1.) Section one hundred and fifty-seven of Bxtensionof 
the Public Health Act, 1875, shall be extended so as 88 as 89 Vict 
to empower every urban authority to make byelaws ^' » '• ^^ * 
with respect to the following matters ; that is to say : — 

The keeping waterclosets supplied with sufficient water for 
flushing; 

The structure of floors, hearths, and staircases, and the height 
of rooms intended to be used for human habitation ; 

The paving of yards and open spaces in connexion with 
dwelling-houses ; and 

The provision in connexion with the laying out of new streets 
of secondary means of access where necessary for the 
purpose of the removal of house refuse and other matters. 

(2.) Any byelaws under that section as above extended with 
regard to tiie drainage of buildings, and to waterclosets, earth- 
closets, privies, ash-pits, and cesspools, in connexion with buildings, 
and the keeping waterclosets supplied with sufficient water for 
flushing, may be made so as to affect buildings erected before the 
times mentioned in the said section. 

(3.) The provisions of the said section (as amended by this 
Act), so far as they relate to byelaws with respect to the struc- 
ture of walls and foundations of new buildings for the purposes of 
health, and^with respect to the matters mentioned in sub-sections 
(3) and (4) of the said section, and with respect to the structure 
of floors, the height of rooms to be used for human habitation, 
and to the keeping of waterclosets supplied with sufficient water 
for flushing, shaU be extended so as to empower rural authorities to 
make byelaws in respect to the said matters, and to provide for the 
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observance of sucli byelaws, and to enforce the same as if sucli 
powers were conferred on the rural authorities by virtue of an 
order of the Local Government Board made on the day when 
this part of this Act is adopted : and section one hundred and 
fifty-eight of the Public Health Act, 1875, shall also apply to 
any such authority, and shall be in force in every rural district 
where this part of this Act is adopted. 

(4.) Every local authority may make byelaws to prevent 
buildings which have been erected in accordance with byelaws 
made under the Public Health Acts from being altered in such 
a way that if at first so constructed they would have contravened 
the byelaws. 

Rooms over 24. — (1.) Where any portion of a room extends 
pnvies, Ac, . j. ^ / • / ^ v • x i x 

not to 1)6 mimediately over any pnvy (not being a watercloset 

dwdOiingor ^^ earth-closet), or immediately over any cesspool, 
sleeping midden, or ashpit, that room, whether built before or 
after the adoption of this part of this Act, shall not 
be occupied as a dwelling place, sleeping place, or work- 
room, or place of habitual employment of any person in any 
manufacture, trade, or business during any portion of the day 
or night. 

(2.) Any person who after the expiration of one month after 
the adoption of this part of this Act, and after notice from the 
local authority of not less that seven days, so occupies, and any 
person who suffers to be so occupied, any such room, shall be 
liable to a penalty not exceeding forty shillings, and to a daily 
penalty not exceeding ten shillings. 

Penalty for 25. — (1.) It shall not be lawful to erect a new 

erectins 

buildings on building on any ground which has been filled up with 
up^SSth*^*^ any matter impregnated with fsBcal, animal, or vege- 
offensive table matter, or upon which any such matter has 
™* ^* been deposited, unless and until such matter shall 

have been properly removed by excavation or otherwise, or shall 
have been rendered or have become innocuous. 

(2.) Every person who does or causes, or wilfully permits to 
be done, any act in contravention of this section shall for every 
such offence be liable to a penalty not exceeding five pounds, 
and a daily penalty not exceeding forty shillings. 
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26. — (1.) An urban authority may make byelaws power to 
in respect of the following matters, namely : — £jj^\^^^" 

(a.) For prescribing the times for the removal or certain 
carriage through the streets of any faecal or ^^^ses. 
oflfensive or noxious matter or liquid, whether 
such matter or liquid shall be in course of removal or car- 
riage from within or without or through their district : 
(6.) For providing that the vessel, receptacle, cart, or carriage 
used therefor shall be properly constructed and covered so 
as to prevent the escape of any such matter or liquid : 
(c.) For compelling the cleansing of any place whereon such 
matter or liqtdd shaU have been dropped or spilt in such 
removal or carriage. 
(2.) Where a local authority themselves undertake or contract 
for the removal of house refuse they may make byelaws impos- 
ing on the occupier of any premises duties in connexion with 
such removal so as to facilitate the work which the local autho- 
rity undertake or contract for. 

27. — (1.) Where any court, or where any passage Provision 
leading to the back of several buildings in separate ^mmon"*^ 
occupations, and not being a highway repairable by courts and 
the inhabitants at large, is not regularly and effectu- §SSf^ 
ally swept and kept clean and free from rubbish or 
other accumulation to the satisfaction of the urban authority, 
the urban authority may, if they think fit, cause to be swept 
and cleaned such court or passage. 

(2.) The expenses thereby incurred shall be apportioned be- 
tween the occupiers of the buildings situated in the court or to 
the back of which the passage leads in such shares as may be 
determined by the surveyor of the urban authority, or (in case 
of dispute) by a court of summary jurisdiction, and in default of 
payment any share so apportioned may be recovered summarily 
from the occupier on whom it is apportioned. 

28. — (1.) Sections one hundred and sixteen to one Extension of 
hundred and nineteen of the Public Health Act, J^g^^j^g^^'^^ 
1875 (relating to unsound meat), shall extend and -I119. 
apply to all articles intended for the food of man, sold 
or exposed for sale, or deposited in any place for the purpose of 
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sale, or of preparation for sale -within the district of any local 
authority. 

(2.) A justice may condemn any such article, and order it to 
be destroyed or disposed of, as mentioned in section one hundred 
and seventeen of the Public Health Act, 1875, if satisfied on 
complaint being made to him that such article is diseased, un- 
sound, unwholesome, or unlit for the food of man, although the 
same has not been seized as mentioned in section one hundi-ed 
and sixteen of the said Act 

29. Licences granted after the adoption of this 

UcenoSr P*^ ^^ ^^ -^^^ ^^^ *^® ^® ^^^ occupation of places 

as slaughter-houses shaU be in force for such time or 

times only, not being less than twelve months, as the urban 

authority shall think fit to specify in such licences. 

Notice of 30. — (1.) Upon any change of occupation of any 

occupation Tt>Tiilduig within an urban sanitary district registered 
of slaughter- or licensed for use and used as a slaughter-house, the 
person thereupon becoming the occupier or joint occu- 
pier shall give notice in writing of the change of occupation to 
the inspector of nuisances. 

(2.) A person who fails or neglects to give such notice within 
one month after the change of occupation occurs shall be liable 
to a penalty not exceeding five pounds. 

(3.) Notice of this enactment shall be endorsed on all 
licences granted jrfter the adoption of this part of this Act. 

Beyocation 31. If the occupier of any building licensed as 
comictton*^ aforesaid to be used as a slaughter-house for the killing 
for sale of of animals intended as human food is convicted by a 
forfool£ court of summary jurisdiction of selling or exposing 
for sale, or for having in his possession, or on his 
premises, the carcase of any animal, or any piece of meat or 
flesh diseased or unsound, or unwholesome or unfit for the use of 
man as food, the court may revoke the licence. 

Extension of ^2. Any keeper of a common lodging-house who 
^8*^^ Vict fails to give the notice required by section eighty-four 
"*••'• of the Public Health Act, 1875, shaU be liable to a 
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penalty not exceeding forty shillings, and to a daily penalty not 
exceeding five shillings. 

33. — (1.) Wheie the plan of a building has been, Buildings 
either before or after the adoption of this part of this deposited"^ 
Act in any district, deposited with a local authority in plans other- 
pursuance of any Act of Parliament or byelaw, and JweiiSg?" 
that building is described therein otherwise than as a ^^^ 
dwelling-house, any person who wilfully uses or know- as such, 
ingly permits to be used such building or any part 
thereof for the purposes of habitation by any person other than 
the person placed therein to take care thereof, and the family of 
such person, shall be guilty of an offence under this section, and 
shall be liable to a penalty not exceeding five pounds, and to a 
daily penalty not exceeding forty shillings. 

(2.) Provided that if such building has in the rear thereof and 
adjoining and exclusively belonging thereto such an open space 
as is required by any Act of Parliament or byelaw for the time 
being in force with respect to buildings intended to be used as 
dwelling-houses, and if such part of the building as is intended 
to be used as a dwelling-house has undergone such structural 
alterations, if any, as are necessary in the opinion of the local 
authority to render it fit for that purpose, the owner may use the 
same as a dwelling-house. 

34. — (1.) Every person intending to build or take Hoards to be 
down any building, or to alter or repair the outward proj^^^ 
part of any building in any street or court, shall — buildings, 

(a.) before beginniog the same, unless the urban 

authority otherwise consent in writing, cause close-boarded 
hoards or fences to the satisfaction of the urban authority to 
be put up in order to separate the building from the street 
or court ; 

(6.) if the urban authority so require, make a convenient 
covered platform and handrail to serve as a footway for 
passengers outside of such hoard or fence ; 

(c.) continue such hoard or fence with such platform and 
handrail as aforesaid standing and in good condition to the 
satisfaction of the urban authority during such time as 
they may require ; 
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(d.) if required by the urban authority, cause the same to be 

sufficiently lighted during the night ; 
(e.) remove the same when required by the urban authority. 
(2.) Every person who fails to comply with any of the pro- 
visions of this section shall be liable to a penalty not exceeding 
five pounds and to a daily penalty not exceeding forty shillings. 
(3.) Where this part of this Act is adopted the 
J^34^^^*^** eightieth section of the Towns Improvement Clauses 
Act, 1847, shall be repealed, and this section shall be 
deemed to be substituted therefor. 

35. — (1.) All vaults, arches, and cellars under any 
of cellars street, and all openings into such vaults, arches, or 
sSeets. cellars in the surface of any street, and all cellar-heads, 
gratings, lights, and coal holes in the surface of any 
street, and all landings, flags, or stones of the path or street sup- 
porting the same respectively, shall be kept in good condition 
and repair by the owners or occupiers of the same, or of the 
houses or buildings to which the same respectively belong. 

(2.) Where any default is made in complying with the pro- 
visions of this section, the urban authority may, after twenty- 
four hours* notice in that behalf, cause any thing in respect of 
which such default is made to be repaired or put into good con- 
dition, and the expenses of so doing shall be paid to the urban 
authority by such owner or occupier respectively, or in default 
may be recovered in a summary manner. 

Means of 36. — (1.) Every building which, after the adop- 

lS§ltf™s ^^^^ ^^ ^^^ ^^^ ^^ ^^^^ "^^^ ^^ ^^^ urban district, is 
from places used as a place of public resort, shall, to the satis- 
resorL^^** faction of the urban authority, be substantially con- 
structed and supplied with ample, safe, and convenient 
means of ingress and egress for the use of the public, regard 
being had to the purposes for which such building is intended to 
be used, and to the number of persons likely to be assembled at 
any one time therein. 

(2.) The means of ingress and egress shall during the whole 
time that such building is used as a place of public resort be 
kept free and unobstructed to such extent as the urban authority 
shall require. 
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(3.) An officer authorised in writing by the urban authority, 
and producing his authority if so required, may at all reasonable 
times enter any such building to see that the provisions of this 
section are carried into effect. 

(4.) Any person who being the occupier or manager, or in 
the case of a building let for any period less than one year the 
owner of any building used as aforesaid, uses the same or suffers 
the same to be used in contravention of this section, or fails to 
comply with the provisions of this section in respect thereof, 
shall for every such offence be liable to a penalty not exceeding 
twenty pounds. 

(6.) Where any alteration in the building is reqiured in 
order to give proper means of ingress or egress, the court 
may refuse to inflict a penalty for an offence under this 
section until a reasonable time has been allowed for making 
such alteration, but the court may make such order as they 
think fit for tiie closing, or otherwise, of the building during 
such time. 

(6.) For the purposes of this section the expression ''place of 
public resort " means a building used or constructed or adapted 
to be used either Ordinarily or occasionally as a church, chapel, 
or other place of public worship (not being merely a dwelling- 
house so used), or as a theatre, public hall, public concert-room, 
public baU-room, public lecture-room, or public exhibition room, 
or as a public place of assembly for persons admitted thereto by 
tickets or by payment, or used, or constructed, or adapted to be 
used, either ordinarily or occasionally for any other public purpose, 
but shall not include a private dwelling-house used occasionally 
or exceptionally for any of those purposes. 

Provided that this section shall not extend to any building 
used as a church or chapel or other place of public worship 
before or at the time of the adoption of this part of this Act. 

37. — (1.) Whenever large numbers of persons are safety of 
likely to assemble on the occasion of any show, enter- J^c^^^J^Jj^ 
tainment, public procession, open-air meeting, or or used on 
other like occasion, every roof of a building, and Sj^^foni. 
every platform, balcony, or other structure or part 
thereof let or used or intended to be let or used for the purpose 
of affording sitting or standing accommodation for a number of 
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persons, shall be safely constructed or secured to the satisfaction 
of the surveyor of the urban authority. 

(2.) Any person who uses or allows to be used in contraven- 
tion of this section, any roof of a building, platform, balcony, or 
structure not so safely constructed or secured, or who neglects to 
comply with the provisions of this section in respect thereof, 
shall be liable to a penalty not exceeding fifty pounds. 

Byeiaws for ^^' -^ urban authority may make byelaws for the 
prevention prevention of danger from whirligigs and swings 
from^^ii- when such whirligigs and swings are driven by steam 

^l^'iuieriea P^^®^» ^^^ ^^ ^® ^^ ®^ firearms in shooting 
&c. ' ranges and galleries. 

39. An urban authority may from time to time 
Reftags, place, maintain, alter, and remove in any street, 
streets. being a highway repairable by the inhabitants at 
large, such raised paving or places of refuge, with 
such pillars, rails, or other fences, either permanent or tempo- 
rary, as they may think fit, for the purpose of protecting 
passengers and traffic, either along the street or on the footways, 
from injury, danger, or annoyance, or for the purpose of making 
' the crossing of any street less dangerous to passengers. 

Cabmen's 40. — (1.) An urban authority may from time to 

shelters. . . . ^ . , . i . 

time provide, maintain, and remove in or near any 

street in their district suitable erections for the use, convenience, 
and shelter of drivers of hackney carriages, and such other 
persons as the urban authority may permit to use the same. 

(2.) The urban authority may &om time to time make regula- 
tions for prescribing the terms aud conditions and the fees (if any) 
to be charged for the n^e of such places of shelter, and may make 
byelaws for regulating the conduct of persons using the same. 

Adoption of ^^' Where this part of this Act is adopted, section 
private one hundred and fifty-two of the Public Health Act, 
streets. 1875, shall be repealed, and the following provisions 

shall be substituted in lieu thereof : — 

(1.) Whenever all or any of the works mentioned in section 
one hundred and fifty of the Public Health Act, 1876, 
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have been executed in a street or part of a street under that 
section by an urban authority, and the urban authority are 
of opinion that such street or part of a street ought to 
become a highway repairable by the inhabitants at large, 
they may by notice to be fixed up in such street or part of 
a street declare the whole of such street or part of a street 
to be a highway repairable by the inhabitants at large, and 
thereupon such street or part of a street as defined in the 
notice shall become a highway repairable by the inhabitants 
at large. 
(2.) Provided that no such street shall become a highway so 
repairable if within one month after such notice has been 
put up the owner or the majority in number or value of 
owners of such street by notice in writing to the urban 
authority object thereto, and in ascertaining such majority 
joint owners shall be reckoned as one owner. 

42. Any urban authority may from time to time stataes 
authorise the erection in any street or public place ^gn^**^^" 
within their district of any statue or monument, and 

may maintain the same, and any statue or monument erected 
witiiin their district before the adoption of this part of this Act, 
and may remove any statue or monument the erection of which' 
has been authorised by theuL 

43. Any urban authority may, if they see fit, Trees in 
cause trees to be planted in any highway repairable "** ' 

by the inhabitants at large witbdn their district, and may erept 
guards or fences for the protection of the same, provided that 
this power shall not be exercised nor shall any trees so planted 
be continued so as to hinder the reasonable use of the highway 
by the public or any person entitled to use the same, or so as 
to become a nuisance or injurious to any adjacent owner or 
occupier, 

44. — (1.) An urban authority may on such days purkBtnd 
as they think fit (not exceeding twelve days in any pieMure 
one year, nor four consecutive days on any one occa- *^^ ' 
sion) close to the public any park or pleasure ground provided 
by them or any part thereof, and may grant the use of tJie same. 
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either gratuitoiwly or for payment, to any public charity or in- 
stitution, or for any agricultural, horticultural, or other show, or 
any other public purpose, or may use the same for any such 
show or purpose ; and the admission to the said park or pleasure 
ground, or such part thereof, on the days when the same shall 
be so closed to the public may be either with or without pay- 
ment, as directed by the urban authority, or, with the consent 
of the urban authority, by the society or persons to whom the 
use of the park or pleasure ground, or such part thereof, may be 
granted : Provided that no such park or pleasure groimd shall 
be closed on any Sunday or public holiday. 

(2.) An urban authority may either tiiemselves provide and 
let for hire, or may license any person to let for hire, any plea- 
sure boats on any lake or piece of water in any such park or 
pleasure ground, and may make byelaws for regulating the 
numbering and naming of such boats, the number of persons to 
be carried therein, the boathouses and mooring places for the 
same, and for fiidng rates of hire and the qualifications of boat- 
men, and for securing their good and orderly conduct while in 
charge of any boat. 

ExteDsion of 45. The powers of an urban authority under sec- 
!^^^?Y!f?' tion one himdred and sixty-four of the Public Health 

C. 00, S. 164. .-ta, .-11 *ii. 

Act, 1875, to contribute to the support of public 
walks or pleasure grounds, shall include a power to contribute 
towards the cost of the laying out, planting, or improvement of 
any lands provided by any person which have been permanently 
set apart as public walks or pleasure grounds, and which, 
whether in the district of the urban authority or not, are so 
situated as to be conveniently used by the inhabitants of the 
district, and shall also include a power to contribute towards the 
purchase by any person of lands so situate and to be set apart 
as aforesaid. 

Extension of 46. Section one hundred and sixty-five of the 
?®fi*.l^T!&** Public Health Act, 1875, shall be extended so as to 

C 55, S. 165. '.' 

enable any urban authority to pay the reasonable costs 
of the repairing, maintaining, winding up, and lighting any 
public clock within their district although the same be not 
vested in them. 
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47. — (1.) It shall not be lawful for any person to ^^^ ^^^ 
throw OT place or suffer to be thrown or placed into on throwing 
or in any river, stream, or watercourse within any StosSeains. 
district in which this part of this Act is adopted, 
any cinders, ashes, bricks, stone, rubbish, dust, filth, or other 
matter which is likely to cause annoyance. 

(2.) Every person offending against this enactment shall be 
liable to a penalty not exceeding forty shillings for every such 
offence. 

48. So much of section three hundred and six of Extension of 
the Public Health Act, 1875, as imposes penalties on ^^^g.^*; 
persons who destroy, pull down, injure, or deface any 

board on which any byelaw, notice, or other matter is inscribed, 
shall apply to persons who destroy, puU down, injure, or deface 
any advertisement, placard, bill, or notice put up by or under 
the direction of a local authority. 

49. The Local Qovemment Board may by order Power to 
on the application of any rural authority declare any expenses of 
expenses incurred by such authority to be special ex- rmai autho- 
penses within the meaning of sections two hundred special 
and twenty-nine and two hundred and thirty of the expenses. 
Public Health Act, 1876. 

50. The following provisions of this part of this Act Application 
shall be applicable in rural sanitary districts, namely, — ^un rural 

Section sixteen, relating to injurious matter being districts. 

passed into sewers. 
Section seventeen, relating to the turning of chemical refuse, 

steam, &c. into sewers. 
Section eighteen, relating to local authorities making communi- 
cation with drains, &c. 

Section nineteen, relating to the extension of section forty-one 

of the Public Health Act, 1875. 
Section twenty-one, relating to sanitary conveniences used in 

common. 
So much of section twenty-three, relating to the extension of 

section one hundred and fifty-seven of the Public Health 

Act, 1875, as applies to rural authorities. 
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Section twenty-five, relating to the penalty for erecting 
bnildings on ground filled up with oflFensive matter. 

Sub-section (2) of section twenty-six, relating to the power to 
make byelaws for certain sanitary purposes. 

Section twenty-eight, relating to the extension of sections one 
hundred and sixteen to one hundred and nineteen inclusive 
of the Public Health Act, 1876. 

Section thirty-two, relating to the extension of section eighty- 
four of the Public Health Act, 1875. 

Section thirty-jJiree, relating to the use of buildings described 
in deposited plans otherwise than dwelling-houses. 

Section forty-seven, relating to the restriction on throwing 
cinders, &c. into streams. 

Section forty-eight, relating to the extension of section three 
hundred and six of the Public Health Act, 1876. 

Section forty-nine, relating to the powers of the Local Govern- 
ment Board to determine expenses of rural authorities to be 
special expenses. 
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Atphalte, — There is found in Val de Travere and other parts 
a limestone which contains asphaltum or native bitumen, and 
this, reduced to powder and otherwise treated, is the true as- 
phalte. That which is described in the book may be called 
home-made asphalte. 

BovMers. —Detached pieces of the older rocks, rounded, as we 
find them and the smaller pebbles on the sea shore. They are 
mostly very hard, and make good road material ; those, at least, 
which appear to have been derived from the trap-rocks. 

Goncrete, — Broken stone, or gravel, and clean sand, mixed with 
any cementing substance, as lime or Portland cement. It is 
necessary that the material to be cemented together be free from 
dirt, for the strength of the concrete depends upon the cohesion 
of the materials, and unless the surfaces of each separate piece of 
material be clean, the cementing substance will not adhere strongly 
to them. For various purposes various quantities of cementing 
substance are required to be mixed with given quantities of ma- 
terial, but for any purpose referred to in this book one part of 
cement or of hydraulic lime to four parts of broken stone and one 
part of sand is sufficient^ if well mixed. Concrete should never 
be mixed on the bare ground, but upon a platform. The material 
being spread out, and the due proportion of lime or cement spread 
out upon it, water is to be sprinkled over them from the rose-head 
if a watering-can, and the whole is then to be turned over and 
returned, again and again, so as to coat every separate piece of 
material with the cementing substance, and the concrete is then 
to be deposited in place and trimmed level That is all that is 
necessary when the concrete has been well mixed. Wheeling it 
up a stage for the purpose of letting it Ml from a height in order 
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to consolidate it is useless labour ; so is Kunming, tmless it be 
done at the moment which occars between the adherence of the 
cement and its setting ; at any other time than this^ ramming 
does more harm than good ; it displaces the cement. 

Cement, — Two kinds of cement are in common use, — Homan 
and Portland. Roman cement is made from the nodular stones 
found in clay at several places, as at the isle of Sheppy and at 
Harwich. It sets quickly. Portland cement is made from a 
mixture of chalk and clay, and when these are properly propor- 
tioned the cement sets under water as well as in ^e open air. 
If sand be mixed with cement at all it should be clean and sharp 
to the touch, but even with such sand the strength of the cement 
is reduced below that of neat cement, in about the same ratio as 
the quantities of cement and sand bear to each other ; thus, with 
one of sand to one of cement, the strength ultimately becomes 
about two-thirds of that of neat cement. With 2 of sand to I 
of cement, about ^ ; with 3 of sand to I of cement, about i ; 
with 4 of sand to 1 of cement, about ^ of the strength of neat 
cement. But the greater the proportion of sand the longer time 
is required for setting ; with neat cement nearly the full ultimate 
strength is attained in about a month ; with 2 of sand to 1 of 
cement, in about three months ; while with a greater proportion 
of sand the setting goes on still more slowly. So that, for the 
work herein referr^ to, Portland cement should be used neat. 

Coal-tcvr, — This is procurable at any gas-works. Owing to their 
remoteness from the chemical manufactories which distil and 
otherwise use coal-tar, or from other causes, coal-tar is to be 
bought very cheap at many gas-works ; say at 2d. or 3d. per 
gallon. It is one of the waste products of the manufacture of 
gas, which must be got rid of ; but it has a value for the purposes 
mentioned in this book which is not to be measured by the neces 
sities of demand and supply merely. 

ConcerUrator, — Made in glazed earthenware, but may be made 
in iron, cast, and enamelled internally ; it may also be made in 
lead, either cast or milled, but a smoother surface is preferable. 
When the water and soil are discharged into the vertical soil ppe, 
the concentrator guides them down the centre of the pipe, and the 
sides are preserved from contact therewith, and therefore also the 
air which passes along the soil pipe. ^ t 
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Hydraulie ZtnM.-— The best hydraulic lime is made from the blue 
lias beds of stone ; these extend in a north-easterly direction from 
Lyme Regis, in Dorsetshire, by Bath, Gloucester, Leicester, Newark, 
and Gainsborough, to the Humber, and thence to the east coast of 
Yorkshire at Whitby. Hydraulic lime is found also at Aberthaw 
in Glamorganshire, and at Halkin, in Flintshire. It sets under 
water as well as Portland cement. It is called a poor lime in 
contradistinction to others which are called rich or &t limes, as 
those which are made from chalkstone and the mountain lime- 
stone, which, although good for dry work, and for land, will not 
set under water. Its colour is a brownish yellow. It requires a 
much longer time to slake . properly with water, and when slaked 
it swells but little in comparison with the fat limes. Instead of 
being slaked in lumps this kind of lime is ground into powder in 
revolving pans under heavy rollers, and used in the manner of 
cement. A part of the Wenlock Limestone is strongly hydraulic. 
It has very much the appearance of the blue lias, and bums of 
nearly the same colour, — ^rather darker. Neither this nor the 
blue lias will carry much sand. 

Metalling. — ^As applied to roads, is the top coating of stone, or 
the road proper, and resists the wear and tear of horses' feet, 
being laid upon a bed of stone which is called the foundation of' 
the road. The metalliug of roads should be of such material as 
resists the wear of traffic, such as Whinstone, Rowley rag, and 
Glee Hill Dhu stone ; this latter being one of the best kinds of 
stone in England for the metalling of roada 

Organic matter. — Matter endowed with life, whether animal or 
vegetable, or, as it would appear in some cases, partaking of the 
two ; as distinct from mineral matter, which is devoid of liie. 
Natural philosophers cannot exactly determine whether cer- 
^^in things. which are found are animal or vegetable in their 
Attributes, for they seem to partake of the qualities of both ; but 
of living things in general, and broadly, there is a marked dis- 
tinction in their qualities, and we call the one animal and the 
other vegetable; but both are organised, — that is, the parts of 
each are endowed with the quality of co-operating i^dth its other 
parts in producing structure. When it has attained the limit of 
the power with which it has been endowed it decays naturally. 
If its life be cut short before it attains that limit it decays stiU. 
In either case, when its progress is arrested it returns to mother 

Digitized by VnOOglC 



262 GLOSSARY. 

earth and is resolved into its original elements. This retnming 
stage is called, in the book, efifete organic matter. 

Puddle, or paddled clay. — Clay rendered so close and compact 
as to prevent the passage of wat^ through it. When clay is dug 
from the ground, it mostly contains either stones or small veins of 
saud, and it is to get rid of these that it is worked up, cut, and 
cross cut, with long-bladed spades, and trodden into an impervious 
mass. In order to enable this to be done a certain quantity of 
water ia added to the clay. It greatly feicilitates the working of 
puddle when time is allowed for the clay to soak up the water 
after being cut and cross cut, and before being finally worked and 
trodden. 

Wire gauge, — ^The Birmiugham wire manufacturers established 
certain numbers which represent thicknesses, and specify any 
particular thickness not in parts of an inch but by the appropriate 
number. One eighth of an inch thick is No. 11 ; one sixteenth 
of an inch is No. 16 ; one thirty-second part of an inch is Na 
22 B. W. G. The thicknesses of sheet iron are stated in the 
same numbers. 
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Air, composition of Atmospheric 34-38 

„ locks in conduit pipes 226 

Animal charcoal, application to the filtration of water . . 69 
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Arrangement of the outbuildings of small houses . . . 153 

Artesian wells 196, 197 

Ash-heaps 20 

Ash-screen 25 

Asphalte for paving, cost of 168 

„ „ mode of making and laying . . .169 
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Ballard, report of Dr 8, 12 
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Bricks, Staffordshire blue, for inverts of sewers . . 143 

„ sault, for sewers near London 144 

„ for wells 52 

Butchers keep large numbers of pigs 5 

Byrne, experiments on filtration of water, by Mr. E. . . 68 



Carbonic acid in atmospheric air 36^ 38 

Carpenter, Dr. A., on the influence of sewer gas on the public 

health 123 

Carrying capacity of sewers 148 

Cement, for pigsty floors 6 

„ quality to be tested 131, 159 

Cesspools, objections to open 13, 15 

„ ola brick too large 16, 18 

„ proper size of 20, 22, 29 

Charcoal filters for water 57. 58, 59 

Charges for water, examples of 186 

Chemical Commission, report on the qualities of waters by the 190 

Child's seat in every privy . 16 

Cinders of house-fires useful for varietv of purposes .. . . 23 
Circular sewers, thickness of brickwork of . . . .142 

Cleansing of slaughter-house floors 10 

„ of sewage, a chemical process .... 166 

Coal-tar pitch 20 

Composition of Skwagb 160 

Concentrator 124 

Concrete for foundations 6,11 

Conduits and Conduit Pipes 222 
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„ of manholes of sewers 139 

„ of rain-water wells 63 
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Draw-welln 62 

Da Boat, bottom velocities of streams according to . . . 77 
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Du Buat's formula 232,234 

Duncan, late Mr. T., on rainfall and loss . . 206 
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conduits and conduit pipes 234 
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^lackweU 216 

,. „ by other observers 220, 221 

n )i in pipes and open channels, Du Buat's formula 

of 231 

„ „ tables to facilitate calculations of the . 232, 233 

Fluctuation of the volume of sewage during the day . 135, 136 

„ of the hourly q^oantity of water used . . 135, 136 



Digitized by VnOOglC 



266 INDEX. 

Flash tank .110 

Foul soil pipes 122 
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Jennings^ Mr. Q,, water-closet basin and valve . . . 121 

Joints of sewer and drain-pipes 90-95 

Junctions of house-drains and sewers .... 103 

Erepp, Mr. F., on the composition of sewage . . 161 
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„ quantity procurable from house-roofs . . . .51 
„ quantity required in slaughter-houses . . . . 10 

Water-closets 118,127 

Water-courses, natural, should not be used as sewers. . . 74 

Watershed areas 208 

Water-supply 181 

„ „ Commission 184 

„ „ for rural districts, difficulties of , . .66 

Water Supply Facilities Act, 1877 240 

Water Companies (Regulation of Powers) Act, 1887 . . 241 

Water-traps 119 

Wells, three kinds of 62 

„ Artesian 196 

„ common 202 

„ sunk in the new red sandstone 203 

Whitaker, Mr. W., quotations from Paper on "Geology and 
Consumption," by . . . . . . . .96 

Whitewashing , .12,40 

THE END. 
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2 wkale's scientific and technical series. 

CIVIL ENGINEERING <Sc SURVEYING. 

CItU Engineeping. 

By Henry Law, M.Inst C£. Including a Treatise on Hvdraulic 
Enginbbrikg by G. R. Burnbll, M.I.CE. Seventh Edition, revised, 
with Large Additions by D. K. Clark, M.I.CE. . . . 6/6 

Pioneer Bngineering: 

A Treatise on the Engineering Operations connected with the Settlement of 
Waste Lands in New Countries. By Edwaru Dobson, M.Inst.C.£. 
With numerous Phites. Second Edition 4/6 

Iron Bridges of Moderate Span: 

Their Construction and Erection. By Hamilton W. Pendrbd. With 40 
Illustrations 2/0 

Iron and Steel Bridges and Viaducts. 

A Practical Treatise upon their Construction for the use of Engineers, 
Draughtsmen, and Students. By Francis Campin, CE. With numerous 
Illustrations 3/6 

Constructional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, C.E 3/6 

Tubular and other Iron Girder Bridges. 

Describing the Britannia and Conway Tubular Bridges. By G. Drysdalb 
Dbmpsby, C.E. Fourth Edition 2/0 

IKaterials and Construction: 

A Theoretical and Practical Treatise on the Strains, Designing, and Erec- 
tion of Works of Construction. By Francis Campin, C.E. . . 3/0 

Sanitary Work in the Smaller Towns and in Villages. 

By Charlbs Slagg, Assoc. M.Inst. C.E. Third Edition . . 3/0 

Roads and Streets (The Construction of). 

In Two Parts: T. The Art op Constructing Common Roads, by H. 
Law, C.E., Revised by D. K. Clark, C.E. ; II. Recent Practice: In- 
eluding Pavements of Wood, Asphalte, &c. By D. K. Clark, CE. 4/6 

Gas Works (The Construction of), 

And the Manufacture and Distribution of Coal Gas. By S. Hughbs, CE. 
Re-written by William Richards, CE. Eighth Edition . . 5/6 

Water Works 

For the Supply of Cities and Towns. With a Description of the Principal 
Geological Formations of England as influencing Supplies of Water. By 
Samuel Hughes, F.G.S., C.E. Enlarged Edition .... 4/0 

The Power of Water, 

As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Joseph Glynn, F.R.S. New Edition . 2/0 

WeUs and Well-Sinking. 

By John Geo. Swindell, A.R.I.B.A., and G. R. Burnbll. CE. Revi«ed 
Edition. WithaNew Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of Lands, Towns, and Buildings. 

By G. D. Dempsey, C.E. Revised, with large Additions on Recent 
Practice, by D. K. Clark, M.I.CE. Third Edition . . . 4/5 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on the Blowing ap of 
Bridges. By Gen. Sir J. Burgoyne, K.CB. . . . . .1/6 

Foundations and Concrete Works. 

With Practical Remarks on Footing?, Planking, Sand, Concrete, B^ton, 
Pile-dnvinp, Caissons, and Cofferdams. By E. Dobson, M.R.I.B A 
Eighth Edition ^iq 
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I AooKstics and the Phenomena of Wind Currents, for the Ute of 
By Charlbs ToMLiNSON, F.R.S. Fourth Editioa . 1/6 
JjBMd and BSn^ineering Surveying. 

For Students and Practical Use. ByT. Baker, C.E. Eighteenth Editioa, 
Revised and Exteaded by F. £. Dixon, A. M. Inst. C.E., Professional Asso- 
ciate of the Institucioa of Surveyors. With numerous Illustrations and two 
Ltthosraphic Plates . . \J%ist published 2/0 

Mensuration and Measuring. 

For Studeats and Practical Use. With the Mensuration and Levellins of 
Land for the purposes of Modern Engineering. By T. Bakbr, C.E. Mew 
» by E. NucEKT, C.E 1/6 



MIMIMG AND METALLURGY. 
Mineralogy, 

Rudiments of. By A. Ramsav, F.G.S. Fourth Edition, remed and 
enlarged. Woodcuts and Plates 3/6 

Coal and Coal Mining, 

A Rudimentary Treatise on. By the late Sir Warington W. Smyth, 
F.R.S. Eighui Editioa, revised and extended by T. Forstbr Brown. 

\Just p%iblish€d 3/6 

Metallori^ of Iron. 

Cootaming Methods of Assay, Analyses of Iron Ores, Processes of Mana- 
£u:tuteof Iron and Steel, &c. By H. Bauerman, F.G.S. With numerous 
Illustrations. Sixth Edition, revised and enlarged .... S/0 

The Mineral Surveyor and Valuer's Complete Guide. 

By W. LiNTERN. Fourth Edition, with an Appendix on Magnetic and 
Angular Surveying 3/6 

Slate and Slate Quarrying: 

Sdeotific, Practical, and Commercial. By D. C. Davibs, F.G.S. Wit> 
numerous Illustrations and Folding Plates. Fourth Edition . . 3/0 

A First Book of Mining and Quarrying, 

With the Sciences connected therewith, for Primary Schools and Self In* 
stmctioo. By J. H.Collins, F.G.S. Second Edition . . .1/6 

Subterraneous Surveying, 

Wttn and without the Magnetic Needle. By T. Fbnwick and T. Bakbr, 
C.E. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Minmg at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engravings to Illustrate the above, containing 335 Illustrations of Mining 
Tools, drawn to Scale. 4to 4/6 

Physical Geology, 

Partly based on Major-General Portlock's "Rudiments of Geology." 
ByRALFHTATE, A.L.S., &c. Woodcuts 2/0 

Historical Geology, 

Partly based on Major-General Portlock's " Rudiments." By Ralph 
Tatb, A.L.S., &c. Woodcuts 2/6 

Geology, Physical and Historical. 

Consisting ol " Physical Geology," which sets forth the Leading Principles 
of the Science; and " Historical Geology," which treats of the Mineral and 
Oisanic Conditions of the Earth at each successive epoch. By Ralph 

Tatb, F.G.S 4/6 

Eleotro-Metallurgy, 

Piacticaily Treated. By Albxandkr Watt. Tenth Edition, enlarged 
and revised, including the most Recent Processes .... 3/6 
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MECHANICAL ENGINEERING. 
Tha Workman's Manual of SingineeFing[ Drawing. 

By John Maxton, Instructor ia Engineering Drawing, Royal Naval 
College, Greenwich. Seventh Edition. 300 Plates and Diagrams . 3/6 

Fuels: Solid, liiquid, and Gaseous. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. 
By H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist 
to the Great Eastern Railway. Third Edition 2/0 

Fuel, Its Combustion and Economy. 

Consisting of an Abridgment of " A Treatise on the Combustion of Coal and 
the Prevention of Smoke." By C. W. Williams, A.I.C.E. With Exten- 
sive Additions by D. K. Clark, M.Inst. C.E. Fourth Edition . 3/^ 

The Boilermaker's Assistant 

In Drawing^ Templating, and Calculating Boiler Work, &c. By J. Court- 
ney, Practical Boilermaker. Edited by D. K. Clark, C.E. . 2/0 

The Boiler-Maker's Ready Reckoner, 

With Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John Courtney. Edited by D. K. 

Clark, M. I.e. E. Fourth Edition 4/0 

V TAe last two Works in One Volume^ half-hound, entitled " The Boiler- 

maker's Ready-Reckoner and Assistant.^' By J. Courtney and 

D. K. Clark. Pric€ 7/0. 

Steam Boilers : 

Their Construction and Management. By R. Armstkonc, CE. Illustrated 

1/6 
Steam and Machinery Management. 

A Guide to the Arrangement and Economical Management of Machinery. 
By M. Powis Bale, M.Inst. M.E 2/6 

Steam and the Steam Bngine, 

Stationary and Portable. Being an Extension of the Treatise on the Steam 
Engine of Mr. J. Sewell. By D. K. Clark, C.E. Foiurth Edition 3/6 

The Steam Bntfine, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 
Practical Men. ByT. Baker, CE |/5 

The Steam Engine. 

By Dr. Lardner. Illustrated \\^ 

IiOOomotiTe Bngines, 

By G. D. Dempsey, CE. With large Additions treating of the Modem 
Locomotive, by D. K. Clark, M.Inst. C.E 3/(> 

liooomotive Bngine-Driving. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Reynolds. Tenth Edition, sx. (td, limp ; cloth boards . 4/6 

Stationary Bngine-Driving. 

A Practical Manual for Engineers ia charge of Stationary Engines. By 
Michael Reynolds. Sixth Edition. 3^. td, limp ; cloth boards . 4/o 

The Smithy and Forge. 

Including the Farrier's Art and Coach Smithbg. By W. J. £. Cranr. 
Fourth Edition 2/6 

Modem Workshop Practice, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Ship-building, &c. By J. G. Winton. 
Fourth Edition, Illustrated . . 3/6 

Mechanical Engineering. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Machinery, Mechaniou Manipulation, Manufacture ot the Steam Engine, 
&C. By Francis Campin, CE. Third Edition .... 2/6 

Details of Machinery. 

Comprising Instructions for the Execution of varions Works in Iron in the 
Fitting-Shop, Foundry, and toiler- Yard. By Francis Campin, C.E. 3/0 
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Blementary Engineering: 

A Manual for Young Marine Engineers and Apprentices. In the Form of 

S'uestions and Answers on Metals, Alloys, Strength of Materials, &c. 
y T. S. Brbwbr. Fourth Edition 1 /Q 

Power in Motion: 

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving 
Bands, Angular Forces, &c. By Jambs Armour, C.£. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J. Armour, C.£ 2/6 

Praotioal Mechanism, 

And Machme Tools. By T. Baker, C.E. With Remarks on Tools and 
Machinery, by J. Nasmyth, C£ 2/6 

Mechanics : 

Beine a concise Exposition of the General Principles of Mechanical Science, 
and their Applications. By Charles Tomlinson, F.R.S. . .1/6 

Cranes (The Construction of). 

And other Machinery for Raising Heavy Bodies for the Erection of Build- 
ings, &c By Joseph Glynn, F.R.S 1/6 



NAVIGATION, SHIPBUILDING, ETC. 
The Sailor's Sea Book: 

A Rudimentary Treatise on Navigation. By Jambs Greenwood, B.A. 
With numerous Woodcuts and Coloured Plates. New and enlarged 
Edition. By W. H. Rosser 2/6 

Practical Navigation. 

Consisting of The Sailor's Sea-Book, by James Greenwood and W. H. 
Rosser ; together with Mathematical and Nautical Tables for the Working 
of the Problems, bv Henry Law, C.E., and Prof. J. R. Young. 7/0 

Nairigation and Nautical Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/6 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, C.E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Masting, Mast-Making, and Rig^g of Ships. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
&c., relative to every class of vessels. By Robert Kipping, N.A. . 2/0 

Sails and Sail-Making. 

With Draughting, and the Centre of Effort of the Sails. By Robert 
Kipping, N.A 2/6 

Marine Engines and Steam Vessels. 

By R. Murray, C.E. Eighth Edition, thoroughly revised, with Addi- 
tions by the Author and by Gborgb Carlisle, C.E. . . . 4/6 

Naval Architecture: 

An Exposition of Elementary Principles. By James Peaks . . 3/6 

Ships for Ocean and River Service, 

Principles of the Construction of. By Hakon A. Sommerfeldt . 1 /6 

Atlas of Engravings 

To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth 7/6 

The Forms of Ships and Boats. 

By W. Bland. Ninth Edition, with numerous Illustrations and 
ModeU 1/6 
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6 t^ale's scientific and technical serissl 

ARCHITECTURE AND THE 

BUILDING ARTS. 
Construotional Iron and Steel Work, 

As applied to Public, Private, and Domestic BoitdingSL By FkAwcis 
Campin, CE 3/6 

Building Estates: 

A Treatise on the Development, Sale, Ptirchase, and ManagcaMBt of Baild- 
ing^ Land. By F. Maitland. Third Edition 2/0 

The Soienoe of Building : 

An Elementary Treatise on the Principles of ConBtrvctMB. 9f K. Wtwiv 
HAM Tarn, M.A. Lond. Fourth Edition 3/6 

The Art of Building : 

General Principles of Construction, Strength, and Use of Materials^ Woricins 
Drawings, Specifications, &c By Edward Dobson, M.R.LBJL . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Bbckbtt, Q.C (Lovi Gktm- 

thorpb). Second Edition 4/6 

Dwelling-Houses (The Erection of). 

Illustrated bya Perspective View, Plan% and Sections of a VimrdtYiBma, with 
Specification, Quantities, and Estimates. By S. H. Brooks, AicMt cc t 2/6 

Ck>ttage Building. 

By C. Brucr Allen. Eleventh Edition, with Chapter on Kawiiuik Cot- 
tages for Allotments, by E. E. Allen, C.E 2/0 

Aoonstics in Relation to Architecture and Building: 

The Laws of Sound as applied to the Arrangement of BuildineiL Bj Pro- 
fessor T. Roger Smith, F.R.I.B.A. New Edition, Revised . .1/6 

The Rudiments of Practical Bricklaying. 

General Principles of Bricklaying; Arch Drawing, Cuttinj^ and Setting; 
Pointing ; Paving, Tiling, &c. By Adam Hammoni>w With 66 Woodcuts 

1/6 
The Art of Practical Brick Cutting and Betiiii^ 

By Adam Hammond. With 90 Engravings . . • . • 1/6 

Brickwork : 

A Practical Treatise, embodying the Genera) and Higher Frindplefl of 
Bricklaying, Cutting and Setting ; with the Application of GtwHi j to Roof 
Tiling, &c. By F. Walker 1/6 

Bricks and Tiles, 

Rudimentary Treatise on the Manufacture of; containing an Ootlineof die 
Pripciples of Brickmakinr. By £. Dobson, M.R.I.B.A. Addirinn* bjr 
C. ToMLiNSON, F.R.S. Illustrated 3/0 

The Practical Brick and Tile Book. 

Comprising: Brick and Tile Making, by E. "Donstm, M.Ii«rr.C.E.; 
Practical Bricklaying, by A. Hammond ; Brick-cuttikc mmo Sbtthig, 
hy A. Hammond. 550 pp. with 370 Illustrations, half-boaid . • 6/0 

Carpentry and Joinery — 

The Elkmkntarv Principles of Carpentrt. Chiefly oompoeed fraot the 
Standard Work of Thomas Trkdgold, C.E. With Additions and Trbatisb 
ON Joinery, by E. W. Tarn, M.A. Seventh Editioa ... 3/6 

Oarpentry and Joinery— Atlas 

Of 35 Plates to accompany and lUuatrate the fe r efoiw f book. With 
Descriptive Letterpress. 410 Q/Q 
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WEALE'S SCIENTIFIC AND TECHNICAL SSBIES. 7 
A Praoticai Treatise on Handrailing; 

Showing New and Simple Methods. By Gbo. Collings. Second Edition. 
Revised, including a Trbatisb on Stairbuilding. With Plates . 2/6 

Ciroular Work in Carpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By Gborgb Collings. Third Edition 2/6 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofs. For the Use of Workiiic 
Carpenters. By Geo. Collings 2/0 

The Construction of Roofs of Wood and Iron; 

Deduced chiefly from the Works of Robison, Tredgold, and Humber. Br 
E. Wyndham Tarn, M. A., Architect Third Edition . . .1/6 

The Joints Made and Used by Builders. 

By Wyvill J. Christy, Architect. With i6o Woodcuts • 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By GsoaaB 
H. Blagrovb. With 31 Illustrations 1/6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. E. Grandy 2/0 

Plumbing : 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 
Eighth Edition, Re-written and Enlarged, with 500 Illustrations . 3/6 

Ventilation : 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Buchan, R.P., Author of " Plumbing," &c. With 170 Illustrations 3/6 

The Praotioal Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kbmp 2/0 

House Painting, Graining, Marbling, & Sign Writing. 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Eighth Edition. Coloured Plates . . 6/0 
•»* The abaue^ in cloth boards, strongly bounds 6/0 

A Grammar of Colouring, 

Applied to Decorative Painting and the iVrts. By Gborgb Fibld. New 
Edition, enlarged, by Ellis A. Davidson. With Coloured Plates . 3/0 

Elementary Decoration 

As applied to Dwelling Houses, &c. By Jambs W. Facbt. Illustrated 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours fat 
Apartments, and the Principles of Decorative Design. By Jambs W. Facbt. 

*«* The last two Works in One handsome VoL^ hal/'bound, entitled " HOUSB 
Dbcoration, Elbmentary and Practical," /rice 6/0 

Portland Cement for Users. 

By Hbnry Faija, A.M.Inst.C.E. Third Edition, Corrected . . 2/0 

liimes, Cements, Mortars, Concretes, Mastics, Plas- 
tering, &o. 

By G. R. Burnbll C.E. Fifteenth Edition 1/6 
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8 weale's scientific and technical series. 
Masonry and Stone-Cutting. 

The Principles of Masonic Projection and their application to Construction. 
By Edward DoBSON, M.R.I.B.A 2/6 

JLrcAes, Piers, Buttresses, &o. : 

Experimental Essays on the Principles of Construction. By W. Bland. 

Quantities and Measurements, 

In Bricklayers', Masons', Plasterers', Plumbers', Painters*, Paperhangers', 
Gilders', Smiths', Carpenters' and Jomers* Work. By A. C. Bbaton 1 /6 

The Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 

HoRTON. Sixth Edition 4/0 

*»* The abov*^ strongly bound in leathtr^ ^ct 6/0- 

U^t: 

An Introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, Engineering, and other Applied Sciences. By E. Wynd- 
HAM Tarn, M. A., Author of " The Science of Building," &c. . . 1/6 

Hints to Young Architects. 

By George Wightwick, Architect. Sixth Edition, revised and enlarged 
by G. Huskisson Guillaumb, Architect 3/6 

Architecture — Orders : 

The Orders and their ^Esthetic Principles. By W. H. Leeds. Illustrated. 

1/6 
Arch itecture — Styles, j 

The History and Description of the Styles of Architecture of Various 
Countries, from the Earliest to the Present Period. By T. Talbot Bury, 
F.R.I.B.A. Illustrated 2/0 

*,* Orders and Styles of Architecture, in One VoL^ 3/6. 

Architecture— Design : 

The Principles of Design in Architecture, as deducible from Natture and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 

Lacy Garbett, Architect. Illustrated 2/Q 

*,* The three preceding iVorks in One handsome VoL^ half bounds entitled 
"Modern Architecture," /ru:/ 6/0* 

Perspective for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Painting, &c 
By Ceorgb Pyne 2/0 

Architectural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. Jewitt 1 /6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gessert and Emanuel Otto From berg. With 
an Appendix on The Art op Enamelling 2/6 

ITitmirius— The Architecture of. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F.S.A., 

F.R.A.S. With 23 Plates 5/0 

N.B.—This is the only Edition e/^ViTRUVius procurcible ai a moderate price, 

Grecian Architecture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl op Aberdeen 1 /Q 
%* The two preceding Works in One handsome Vol., half bound, entitled 
" Ancient Architecture," price 6/0. 
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INDUSTRIAL AND USEFUL ARTS, 
Cements, Pastes, Glues, and Gums. 

A Practical ^uide to the Manufacture and Application of the various 
Agglutinants required for Workshop, Laboratory, or Office Use. With 
upwards of 900 Recipes and Formulse. By H. C. Standagb , . 2/0 

Clocks and Watches, and Bells, 

A Rudimentary Treatise on. By Sir Edmund Beckett, Q.C. (Lord 
Grimthorpe). Seventh Edition 4./6 

The Goldsmith's Handbook. 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels, 
&c., &c. By George E. Gee. Fifth Edition 3/0 

The Silversmith's Handbook, 

On the same plan as the Goldsmith's Handbook. By G. E, Gek. 3/0 
*,* The last two IVorks, in One handsome Vol., half-bound, J/Q. 

The Hall-Marking of Jevellery. 

Comprising an account of all the different Assay Towns of the United 
Kingdom; with the Stamps and Laws relating to the Standards and Hail- 
Marks at the various Assay Offices. By George E. Gee . . 3/0 

French Polishing and Enamelling. 

A Practical Work of Instruction, including numerous Recipes for making 
Polishes, Varnishes, Glaze-Lacquers, Revivers, &c. By R. Bitmead. 

[/usi Published. \ /6 

Practical Organ Building. 

By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Coach-Building : 

A Practical Treatise. By Jambs W. Burgess. With 57 Illustrations 2/6 

The Cabinet-Maker's Guide 

« To the Entire Construction of Cabinet-Work. By R. Bitmead. 

[Just Published. 2/6 

The Brass Founder's Manual: 

Instructions for Modelling, Pattern Making, Moulding, Turning, &c. By 
W. Graham 2/0 

The Sheet-Metal Worker's Guide. 

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with 
46 Diagrams. By W. J. E. Crane. ITiird Edition, revised . .1/6 

Sewing Machinery: 

Its Construction, History, &c. With full Technical Directions for Adjust- 
ing, &c. ByJ. W. Urquhart, C,E 2/0 

Gas Fitting: 

A Practical Handbook. By John Black. New Edition . .2/6 

Construction of Door Locks. 

From the Papers of A. C. Hobbs. Edited by C. Tomlinson, F.R.S. 2/6 

The Model liocomotive Engineer, Fireman, and 
Engine-Boy. 

By Michael Reynolds 3/6 

The Art of Letter Painting made Easy. 

By J. G. Badenoch. With 12 full-page Engravings of Examples . 1 /6 

The Art of Boot and Shoemaking. 

Including Measurement, Last-fitting, Cutting-out, Closing and Making. By 
John Bedford Leno. With numerous Illustrations. Fourth Edition 2/0 

Mechanical Dentistry: 

A Practical Treatise on the Construction of the Various Kinds of Artiii.cial 
Dentures. By Charles Hunter. Fourth Edition . . . 3/0 

Wood Engraving: 

«» A Practical and Easy Introduction to the Art. By W. N. Brown . 1 /6 

Laundry Management. 

A Handbook for Use in Private and Public Laundries. By the Editor of 
" The Laundry Journal." 2/0 
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AGRICULTURE, GARDENING, ETC. 
Draining and Embanking: * 

A Practical Treatise. By Prof. John Scott. With 68 Illustrations 1 /6 

Irrigation and Water Supply: 

a Practical Treatise on Water Meadows, Sewage Irrigation, Warping, ftc; 
on the Construction of Wells, Ponds, Reservoirs, &c. By Prof. John 
Scott. With 34 Illustrations ^/Q 

Farm Roads, Fences, and Gates: 

A Practical Treatise on the Roads, Tramways, and Watemrays of the 
Farm ; the Principles of Enclosures ; and the different kinds of Fences, 
Gates, and Stiles. By Prof. John Scott. With 75 Illustrations . 1 /6 

Farm Buildings: 

A Practical Treatise on the Buildings necessary for various kinds of Farms, 
their Arrangement and Construction, with Plans and Estimates. By Pr^. 
John Scott. With 105 Illustrations 2/0 

Bam Implements and Machines : 

Treating of the Application of Power and Machines used in the Threshing- 
bam, Stockyard, Dairy, &c. By Prof. J. Scott. With 133 Illustrations. 

2/0 
Field Implements and Machines: 

With Principles and Details of Construction and Points of Excellence, their 
Management, &c. By Prof. John Scott. With 138 Illustrations 2/0 

Agricultural Surveying: 

A Treatise on Land Surveying 

for Valuing Elstates. By Prof. J. Scott. With 62 Illustrations . 1 /6 



A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions 
" "^ Prof. ' " 



Farm Bngineering. 

By Professor John Scott. Comprising the above Seven Volumes in One, 
1,150 pages, and over 600 Illustrations. Half-bound . . . 12/0 

Outlines of Farm Management. 

Treating of the General Work of the Farm; Stock; Contract Work; 
Labour, &c. By R. Scott Burn 2/6 

Outlines of Landed Bstates Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-out of 

Farms, Roads. Fences, Gates, Drainage, &c. By R. Scott Burn . 2/6 

*,* TAe above Two Vols, in One, handsomely half-bound^ price QfQ 

Soils, Manures, and Crops. 

(Vol. I. Outlines of Modern Farming.) By R. Scott Burn . 2/0 

Farming and Farming Economy. 

(Vol. IL Outlines of Modern Farming.) By R. Scott Burn 3/0 

Stock: Cattle, Sheep, and Horses. 

(Vol. in. Outlines of Modern Farming.) By R. Scott Burn 2/6 

Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn 2/0 

Utilization of Sewage, Irrigation, and Beolamation 
of Waste Land. 

(Vol. V. Outlines of Modern Farming.) By R. Scott Burn . 2/6 

Outlines of Modem Farming. 

By R. Scott Burn. Consisting of the above Five Volumes in One, 
1,250 pp., profusely Illustrated, half-bound .... 1 2/0 



Digitized by VnOOglC 



weale's scientific and technical series. 11 



Book-keeping for FarmePB and Estate Owners. 

a Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman. Third Edition, revised . 2/6 

Ready Reckoner for the Admeasurement of Land. 

By A Arman. Fourth Edition, revised and extended by C. Norris 2/0 

Miller's, Com Merohant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modem Floor Mill Machinery, 
by W. S. HuTTON, C.E 2/0 

The Hay and Straw Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c By John Steblb 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 
By John Ewart 2/6 

Sheep: 

The History, Structure, Economy, and Diseases of. By W. C. Spoonbx, 
M.R.V.S. Fifth Edition, with fine Engravings 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of " Gardening Illustrated " . . . 3/0 

Kitchen Gardening Made Rasy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
ftc, with directions for management all the year round. By Gborgb M. F. 
Glbnnv. Illustrated -. . . .1/6 

Oottage Gardening: 

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hobday. 

1/6 

Garden Receipts. 

Edited by Charles W. Quin .•••••.. 1 /6 

Fruit Trees, 

The Sdentific and Profitable Culture of. From the French of M. Du 
Brbuil. Fifth Edition, carefully Revised by Gborgb Glbnny. With 
187 Woodcuts 3/6 

The Tree Planter and Plant Propagator : 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samuel Wood 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees. Shrubs, Gimbers, and 
Flowering Plants. With numerous Illustrations. By Samijbl Wood 1 /S 

*«* TJU abav* Two Vols, in One^ kandsomtly half-bound^ ^rico 3/6 

The Art of Grafting and Budding. 

By Charlbs Baltbt. With Illustrations 'r^ ' 'T * ^^® 
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MATHEMATICS, ARITHMETIC, ETC. 
Desoriptive Gedmetry, 

An Elementary Treatise on ; with a Theory of Sliadows and of Perspective, 
extracted from the French of G. Monge. To which is added a Description 
of the Principles and Practice of Isometrical Projection. By J. F. Heather, 
M.A. With 14 Plates 2/0 

Praotioal Plane Oeometpy: 

Giving; the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Ground. By J. F. Heather, M.A. 
With 215 Woodcuts 2/0 

Analytical Geometry and Conic Sections, 

A Rudimentary Treatise on. By Tames Hann. A New Edition, re- 
written and enlarged by Professor J . K. Young .... 2/0 

Euclid (The Blementa of). 

With many Additional Propositions and Explanatory Notes ; to which is 
prefixed an Introductory Essay on Logic. By Henry Law, C.E. . 2/6 

%* Sold also sef*aratelvy viz : — 
Euclid. The First Three Books. % Henry Law, C.E. . . .1/6 
BucUd. Books 4, 5, 6, II, 12. By Henry Law, C.E. . . .1/6 

Plane Trigonometry, 

The Elements of. By James Hann 1/6 

Spherical Trigonometry, 

The Elements of. By James Hank. Revised by Charles H. Dow- 
ling, C.E 1/0 

*»* Or with " The Elements 0/ Plane Trigonometry" in One Volume^ 2/6 

Differential Calculus, 

Elements of the. By W. S. B. Woolhoush, F.R.A.S., &c. . .1/6 

Integral Calculus. 

By HoMERSHAM Cox, B. A. 1/6 

Algebra, 

The Elements of. By James Haddon, M.A. With Appendix, containing 
Miscellaneous Investigations, and a Collection of Problems . . 2/0 

A Key and Companion to the Above. 

An extensive Repository of Solved Examples and Problems tu Algebra. 
By J. R. Young 1/6 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By James Haddon, M.A 1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
and for Self-Instruction. By J. R. Young, late Professor of Mathematics 
in Belfast College. Thirteenth Edition 1/6 

A Key to the Above. 

By J. R.Young 1/6 

Bquational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce ; with various Tables by which all Calculations may be greatly 
facilitated. By W. Hipslev 1/6 

Arithmetic, 

Rudimentary, for the Use of Schools and Self-Instruction. By James 
Haddon, M.A. Revised by Abraham Arm an . . . .1/6 

A Key to the Above. 

By A. Arman . , . . 1 /6 
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Mathematical Instruments: 

Their Construction, Adjustment, Testing, and Use concisely Explained. 
By J. F. Heathek, M.A., of the Royal Military Academy, Woolwich. 
Fourteenth Edition, Revised, with Additions, by A. T. Walmisley, 
M.I.C.E. Original Edition, in z vol.. Illustrated .... 2/0 

•»• In ordering the above, be careful to say ** Original Edition," or give the 
number in the Series (32), to distinguish it from the Enlarged Edition in 
3 vols, (as fol/otvs) — 

Dramring and Measuring Instruments. 

Including— I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used for the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heather, M.A. . 1 /Q 

Optical Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Pians by Photography. By J. F. Heather, 
M.A. Illustrated 1/6 

Surveying and Astronomioal Instruments. 

Including— I. Instruments used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments employed in Astronomical Ob- 
servations. By J. F. Heather, M.A. Illustrated. . . .1/6 
%* The above three volumes form an enlargement of the Author^ s original work, 
^* Mathematical Instruments,*' price 210' {Described at toj^ of page.) 

Mathematioal Instruments : 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, 
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition, for the most part entirely re-wntten. 
The Three Parts as above, in One thick Volume 4/6 

The Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culations with unexampled rapidity and accuracy. By Charles Hoare, 
C.E. With a Slide Rule, in tuck of cover. Seventh Edition . . 2/6 

Uo^arithms. 

With Mathematical TaWes for Trigonometrical, Astronomi<^I, and Nautica) 
Calculations. By Henry Law, C.E. Revised Edition . . . 3/0 

Oompound Interest and Annuities (Theory of). 

With Tables of Logarithms for the more Difficult CompuUtions of Interest, 
Discount, Annuities, &c., in all their Applications and Uses for Mercantile 
and State Purposes. By Fbdor Thoman, Paris. Fourth Edition . 4/0 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, C.E. 'Jogether with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Mathematics, 

As applied to the Constructive Arts. By Francis Cam pin, C.E., &c. 
Third Edition 3/0 

Astronomy. 

By the Tate Rev. Robert Main. F.R.S. Third Edition, revised and cor- 
rected to the Present Time. By W. T. Lynn, F.R.A.S. . . . 2/0 

Statics and Dynamics. 

The Principles and Practice of. Embracing also a clear development of 
Hydrostatics, Hydrodynamics, and Central Forces. ByT. Bakbk, C^ 
Fourth Edition 1/6 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES, 

A Diotionary of Painters, and Handbook for Picture 
Amateurs. 

Being a Guide for Visitors to Public and Private Picture Galleries, and for 
Art-Students, including Glossary of Terms, Sketch of Principal Schools of 
Painting, &c By Philippe Daryl, B.A. 2/6 

Painting Popularly Explained. 

By T. J. GuLLicK, Painter, and John Timbs, F.S.A. Including Fresco, 
Oil, Mosaic, Water Colour, Water-(ilass, Tempera Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth Edition 5/0 

A Dictionary of Terms used in Architecture, Build- 
ing, Engineering, Mining, Metallurgy, Archae- 
ology, the Fine Arts, &o. 

By John Wealb. Sixth Edition. Edited by R. Hunt, F.R.S. . 6/0 

Music : 

A Rudimentary and Practical Treatise. With numerous Examples. By 
Charles Child Spencer 2/6 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charles Child Spencer ^/Q 

The House Manager. 

^ A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cellarage of Wines, Home<brewing and Wine- 
making, Gardening, &c. By An Old Housekeeper . . 3IS 

Manual of Domestic Medicine. 

By R. Gooding, M.D. Intended as a Family Guide in all cases of 
Accident and Emergency. Third Edition, carefully revised . , 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. Jambs Baird 1 /Q 

Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . .1/6 

The Elementary Principles of Electric Lighting. 

By Alan A. Campbell Swinton, M.Inst.C.E., M.l.E.E. Fourth 
Edition, Revised [Just Ptiblished \ /6 

The Electric Telegraph, 

Its History and Progress. By R. Sabinb, C.E., F.S.A., &c. . . 3/0 

Handbook of Field Fortification. 

By Major W. W. Knollys, F.R.G.S. With 163 Woodcuts . . 3/0 

KiOgic, 

Pure and Applied. By S. H. Emmbns. Third Edition . . .1/6 

Uocke on the Human Understanding, 

Selections from. With Notes by S. H. Emmbns . . • • 1/6 

The Compendious Calculator 

(Intuitive Calculations), Or Easy and Concise Methods of Performing the 
various Arithmetical Operations required in Commercial and Business 
Transactions ; together with Useful Tables, &c. By Danibl O Gorman. 
Twenty-seventh Edition, carefully revised by C. Norms . . . 2/6 
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WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 15 
Measures, Weights, and Moneys of all Nations. * 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHOUSE, F.R.AS., F.S.S. Seventh Edition . 2/6 

Grammar of the English Tongue, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By Hyde Clarkb, D.C.L. Fifth Edition. . . : 1/6 

Dictionary of the Bnglish Language. 

As Spoken and Written. Containing above 100,000 Words. By Hvdb 

Clarke, D.CL 3/6 

Compute with the Grammar, 5/6 

Composition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Grammar. 
By Justin Brenan. i 8th Edition. 1/6 

French Grammar. 

With Complete and Concise Rules- on the Genders of French Nouns. By 
G. L. Strauss, Ph. D 1/6 

English-French Dictionary. 

Comprising a large number of Terms used in Engineering, Mining, &c. 
By Alfred Elwes 2/0 

French Dictionary. 

In two Parts— I. French-English. II. English. French, complete in 

One VoL 3/0 

*,* Or with the Grammar, 4/6 • 

French and Bnglish Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words. 
Collection of Phrases, and Easy Familiar Dialogues . . . .1/6 

(German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss 1/6 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French-English. Part II. 
English-German-French. Part III. French-German-English . , 3/0 

German Triglot Dictionary. 

(As above). Together with German Grammar, in One Volume . 5/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwes. 1 /6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefullv 
noted down. By Alfred Elwes. Vol. I. Italian- English-French. 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. II. English-French- Italian . . . 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. III. French-Italian-English . . . 2. 6 

Italian Triglot Dictionary. 

(As above). In One Vol 7/6 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes 1 /6 

Spanish-English and Bnglish-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering^ 
&c., with the proper Accents and the Gender of every Notin. By Alfred 

Elwes . . ' 4/0 

*,* Or with the Grammar, 6/0- 
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Portugese Grammar, 

In a Simple and Practical Form. With Exercises. By Alprbd Elwes 1 /Q 

Portuguese -Bnglish and Bnglish- Portuguese Dic- 
tionary. 

Inclading a large number of Technical Terms used m Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 

Elwes. Third Edition, revised QJQ 

*»* Or with the Grammar, 7/0' 

JLnimal Physics, 

Handbook of. ByDiONVSius Lardnbr, D.C.L. With 520 Illustrations. 

In One Vol. (732 pages), cloth boards 7/3 

*,* Sold also in Two Parts^ as follows: — 
Animal Physics. By Dr. Lardnbr. Part I., Chapters I. — ^VII. <4/0 
Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XVIII. 

3/0 
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MECHANICAL ENGINEERING, &c. 



THE MECHANICAL ENGINEER'S POCKET-BOOK. 

Comprising Tables, Formulae, Rules, and Data : A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnbar Clark, M. Inst. C.E., 
Fourth Edition. Small 8vo, 700 pp., bound in flexible Leather Cover, rounded 
comers 6/0 

SUMMARY OF CONTENTS -.—MATHEMATICAL TABLES.— MEASUREMENT OP SUR- 
FACES AND SOLIDS.— English and Foreign weights and Measures.— Moneys.— 
SPECIFIC Gravity, weight, and volume.— Manufactured Metals.— steel pipes. 
— Bolts and nuts.— Sundry Articles in wrought and Cast iro J, Copper, 
Brass. Lead, Tin, Zinc strength of Timber.— Strength of Cas j Iron- 
Strength OF wrought Iron.— Strength of Steel.— Tensile Strength of 
Copper, Lead, &c.— Resistance of Stones and other Building Materials.— 
Riveted Joints in Boiler Plates.— Boiler Shells.— Wire Ropes and Hemp 
ropes.— Chains and Chain Cables.— Framing.— Hardness of Metals, Alloys, and 
Stones.— Labour of Animals.— Mechanical Principles.— Gravity and Fall of 
Bodies.— Accelerating and retarding Forces.— Mill Gearing, shafting, Ac- 
transmission OF Motive Power.— Heat.— Combustion : Fuels.— warming, Venti- 
LATiON, Cooking Stoves.— Steam.— Steam Engines and Boilers.- Railways.— 

tramways Steam Ships.— Pumping steam Engines and pumps.— Coal Gas, Gas 

Engines, &c.— Air in motion.— compressed Air.— Hot air engines.— water 
power.— Speed of Cutting tools.— Colours.— Electrical engineering. 

" Mr. Clark manifests what is an innate perception of what is likely to be useful in a pocket 
book, and he is really unrivalled in the art of condensation. It is very difficult to hit upon any 
mechanical engineenng subject concerning which this work supplies no information, and the 
excellent index at the end adds to its utiUty. In one word, it is an exceedingly handy and efficient 
tool, possessed of which the engineer wiu be saved many a wearisome calculation, or yet more 
wearisome hunt through various text-books and treatises, and, as such, we can heartily recommend 
it to our readers."- 7%« Engineer, 

"It would be found difficult to compress more matter within a similar compass, or produce a 
book of 650 pages which should be more compact or convenient for pocket reference. . . , Will 
be appreciated by mechanical engineers of all classes."— /VocWm/ Engineer. 
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THE MECHANICAL ENQINEER'5 REFERENCE BOOK. 

For Machine and Boiler Construction. In Two Parts. Part I. General 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N. A. Second Edition, 
Revised throughout and much Enlarged. Folio, half-bound, net . £8 Ss. 

PART I.— Measures.— Circumfbrsncbs and Areas, &c.. Squares, Cubes, 
Fourth powers.— Square and Cube Roots.— Surface of tubes.— Reciprocals.— 
Logarithms. — Mensuration.— Specific Gravities and weights.^work and 
POWER. — heat.- Combustion.— Expansion and Contraction.— Expansion op 
Gases.— Steam.— Static Forces.— Gravitation and attraction.— motion and 
Computation of Resulting forces.— Accumulated work.— Centre and Radius 
OF Gyration.— moment of inertia.— Centre of Oscillation.— Electricity.— 
Strength of Materials.— Elasticity.— Test Sheets of Metals.— Friction.— 
Transmission of power.— Flow of Liquids.— Flow of Gases.— Air Pumps, Surface 
Condensers, &c.— Speed of steamships.— propellers.— Cutting Tools.— Flanges. 

—Copper Sheets and Tubes screws. Nuts, Bolt Heads, &c.— Various Recipes 

and Miscellaneous Matter.— With DIAGRAMS for Valve-Gear. Belting and 
Ropes, Discharge and Suction pipes, screw Propellers, and Copper pipes. 

PART II.— Treating of Power of Boilers.— Useful Ratios.— Notes on 
Construction. — cylindrical Boiler Shells. — Circular Furnaces. — Flat 
Plates.- Stays. — Girders.— Screws. — hydraulic Tests. — Riveting. — Boiler 
Setting, Chimneys, and Mountings.— Fuels, &c.— examples of Boilers and speeds 
of Steamships.— Nominal and Normal Horse power.— With DIAGRAMS for all 
boiler Calculations and Drawings of many Varieties of Boilers. 

" Mr. Foley is well fitted to compile such a work. . . . The dias^^ams are a mat feature 
of the work. . . . Regarding^ the whole work, it may be very fairly stated that Mr. Foley has 
pfoduced a volume which will undoubtedly fulfil the desire of the author and become indispensable 
to an mechanical enpneexs."—Afarin€ En^neer. 

" We have carefully examined this work, and pronounce it a most excellent reference book 
for the use of marine eagmecis.''—y0umal 0/ American Society 0/ Naval Engineers. 

COAL AND SPEED TABLES. 

A Pocket Book for Engineers and Steam Users. By Nelson Foley, Author 
of " The Mechanical Engineer's Reference Book." Pocket-size, cloth . 8/6 

TEXT-BOOK ON THE 5TEAM ENGINE. 

With a Supplement on Gas Engines, and Part II. on Heat Engines. By 
T. M. Goodeve, M.A., Barrister-at-Law, Professor of Mechanics at the Royal 
College of Science, London ; Author of " The Principles of Mechanics," " The 
Elements of Mechanism," &c. Fourteenth Edition. Crown 8vo, cloth . 6/0 
" Professor Goodeve has given us a treatise on the steam engine which will bear comparison 
with anything written by Huxley or Maxwell, and we can awatd it no higher ^x^isfb,"— Engineer. 

ON QAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

Goodeve, M.A. Crown 8vo, cloth 2/6 

" Like all Mr. Goodeve's writings, the present is no exception in point of general excellence. 
It is a valuable little yo\\xxs»."— Mechanical World. 

THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By E. W. 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

i]mi Published, Net 8/6 

A TREATISE ON 5TEAM B0ILER5. 

Their Strength, Construction, and Economical Working. By R. Wilson, CE. 

Fifth Edition. z2mo, cloth 6/0 

"The best treatise that has ever been pubUshed on steam hoUexs."— Engineer. 
"The author shows himself perfect master of his subject, and we heartily recommend all 
employing steam power to possess themselves of the work."— RylaneTs Iron Traae Circular. 

THE MECHANICAL ENGINEER'S COMPANION 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, nullimetres, 
squares, cubes, roots, &c. ; Weights, Measures, and other Data. Also Prac- 
tical Rules for Modem Engine Proportions. By R. Edwards, M.Inst.C.E. 
Fcap. 8vo, cloth. [Just Pitblished. 8/6 

"A very useful little volume. It contains many tables, classified data and memoranda 
generally useAil to engineers."— £^«'»««r. 

• r "^^^'.A* professes to be, ' a handy office companion,' giving in a succinct form, a varl^ of 
mformation likely to be required by engineers in their everyday office work."— A'o/Mrc. 



MECHANICAL ENGINEERING, S^, 



A HANDBOOK ON THE 5TEAM ENGINE. 

With especial Reference to Small and Medium-sized Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Haeder, C.E. Translated from the German 
with considerable additions and,aIterations, by H. H. P. Powlbs, A.M.I.C.E., 
M.I.M.E. Second Edition, Revised. With nearly i,ioo Illustrations. 
Crown 8vo, cloth 9/0 



ttruction and design of medium-sized stationary engines. . . . A careful study of its contents and 
the arrangement of the sections leads to the conclusion that there is probably no other book like it 
In this country. The volume aims at showing the results of practical experience, and it certainly 
may claim a complete achievement of this idea."— JVature. 

" There can be no Question as to its value. We cordially commend it to all concerned in the 
)f the steam tnf^t."— Mechanical iVorl ' 



and construction or the steam tagant."— Mechanical World, 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability. With a chapter on Lightning Conductors. 
By Robert Wilson, A.I.C.E., Author of " A Treatise on Steam Boilers," &c. 

Crown 8vo, cloth 8/6 

" A valuable contribution to the literature of scientific building."— rA« Builder. 

BOILER MAKER'5 READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Courtwey, Edited by D. K. Clark, 
M.I.C.E. Third Edition, 480 pp., with 140 Illustrations. Fcap. 8vo . 7/0 
" No workman or apprentice should be without this hook."— Iron Trade Circular. 

REFRIGERATION, COLD STORAGE, & ICE-MAKINQ : 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
Wallis-Tayler, A.M.Inst.C.E., Author of " Refrigeratmg and Ice-Making 
Machinery." 600 pp., with 360 Illustrations. Medium 8vo, cloth. 

[/ust Published. Net 1 6/0 

THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINQ FOR 190a. 

Edited by A. J. Wallis-Tayler, A.M.Inst.C.E. Author of " Refrigerating 
and Ice-making Machinery," &c. With Diary and Almanac. Small Crown 
Bvo, cloth. [/«j/ Published. Net 2/6 

REFRIGERATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Taylbr, 
A.-M. Inst. C.E. Third Edition, Revised and Enlarged. With Illustrations. 
Crown Bvo, cloth. \J ust Published. 7/6 

"Practical, explicit, and profusely illustrated."— C^iu^fow Herald. 

" We recommend the book, which gives the cost of various systems and illustrations showing 
details of parts of machinery and general arrangements of complete installations."— ^Mt'AiSfr. 

" May be recommenaed as a useful description of the machinery, the processes, and of the 
bets, figures, and tabulated physics of refrigerating. It is one of the best compilations on the 
9xh\vA7*^EHgineer. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva- 
tion of the Tea Plant and the Preparation of Tea for the Market. By A. J. 
Wallis-Tayler, A.-M. Inst. C.E. Medium 8vo, 468 pp. With aiB 
Illustrations. {Just Published. Net 26/0 

"The subject of tea machinery is now one ot the first interest to a large class of people, to 
whom we strongly commend the volume."— CAaiwA^r o/Cotnmerayoumal. 

" When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is almost universal. This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description ^Tthe nroci^^s best 
carried out by this machinery."— yo«ma/ Society qf Arts, igitized by VjVJVJ^ Iv^ 
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BNQINEERINQ ESTIMATES, C05T5, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By 
A General Manager. Second Edition. 8vo, cloth. [Just Publishsd. 12/0 
** This is an excellent and veiy useful book, corerinf subject-matter in constant requidtion In 

every factory and workshop. . . . The book is invaluable, not only to the youn^ engmeer, but 

also to the estimate department of every vrorks."— Builder. 

" We accord the work unqualified praise. The information is given in a plain, straightforward 

manner, and bears throughout evidence of the intimate practical acquaintance of the author with 

every phase of commercial engineering."— AftrAaftcos/ Irtrld. 

AERIAL OR WIRE-ROPE TRAMWAYS. 

Their Construction and Management. ByA.J.WALLis-TAVLBK,A.M.Inst.C.E. 

With 8i Illustrations. Crown 8vo, cloth. {Jusi Published. 7/6 

"This is in its way an excellent volume. Without going into the minutiae of the subject, it' 

yet lays before its readers a very good exposition of the various systems of rope transmission m use. 

and gives as well not a little valuable information about their working, repair, and management. 

We can safely recommend it as a useful general treatise on the subject."— /"A^ Engineer. 

MOTOR CARS OR POWER-CARRIAQES FOR COMMON 

R0AD5. 

By A. J. Wallis-Taylbr, Assoc. Memb. Inst. C.E., Author of " Modem 
Cycles," &c. 2x2 pp., with 76 Illustrations. Crown 8vo, cloth . . 4/6 
" Mr. Wallis-Tayler's book is a welcome addition to the literature of the subject, as it is the 
production of an Engineer, and has not been written with a view to assist in the promotion of 
companies. . . . The book is clearly expressed throughout, and is just the sort of work that 
an engineer, thinking of turning his attention to motor-carriage work, would do well to read as a 
preliminary to starting o^en^oxis."— Engineering. 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Joseph G. Hornbr, 

A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/6 

" The latest production from the pen of this writer is characterised by that evidence of close 

acquaintance with workshop methods which will render the book exceedingly acceptable to the 

practical hand. ... A practical handbook on a subject which has not hitherto received much 

attention from those qualified to deal with it in a satisfitctory vaxanet."— Mechanical World. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineoine Construction, 

and including Gearing, both Hand and Machine-made, Engine Work, Sheaves 

and Pulleys, Pipes and Columns, Screws, Machine Parts, Pumps and Cocks, 

the Moulding of Patterns in Loam and Greensand, &c., together with the 

methods of estimating the weight of Castings ; with an Appendix of Tables for 

Workshop Reference. By Joseph G. Horner, A.M.I.M.E. Third Edition, 

Enlarged. With 486 Illustrations. Crown 8vo, cloth . . . Net 7/6 

" A well-written technical guide, evidently written by a man who understands and has prac- 

dsed what he has written about. . . . We cordially recommend it to engineering students, young 

j wmeymen, and others desirous of being initiated into the mysteries of pattem-making."— ^mAUct. 

"An excellent vade mecum for the apprentice who desires to become master of his trade." 

—English Mechanic. 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary of). Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c Com- 
prising upwards of 6.000 Definitions. Edited by J. G. Hornbr, A.M.I.M.E. 

Third Edition, Revised. Crown 8vo, cloth Net 7/6 

"Just the sort of handy dictionary required by the various trades engaged in mechanical en 

peering. The practical engineering pupfl will find the book of great value m his studies, and every 

foreman engineer and mechanic shoula have a coipY."~-Building News. 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By Joseph Hornbr, 

A.M.I.M.E. With 184 Illustrations. Crown 8vo, cloth . . . 6/0 

" We must give the book our unqualified praise for its thoroughness of treatment, and we can 

heartily recommend it to all interested as the most practical book on the subject yet written."— 

Mechanical IVorld. 

FIRE5. FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage- 
S®^ ; Foreign Fire Systems ; Hints on Fire-Brigades, &c By Charlbs 
F. T. Young, C.E. 8vo, cloth . . ? . . . £1 4t 

^o^^^^fo^^A^^^Z^^^^S^:^^ ^ '"^^^^ ""'^^ '"'* fi« apparatus wcai 
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STONE-WORKING MACHINERY. 

A Manual dealing with the Rapid and Ecocomical Conversion of Stone. With 
Hints on the Arrangement and Management of Stone Works. By M. Powis 
Bale, M.I. M.£. Second Edition, enlarged. With Illustrations. Crovm 8vo, 
cloth. [Just Publishid, 9/0 

" The book should be In the hands of every mason or student of stonework."— C«//^^ 
Guardian. 

" A capital handbook for all who manipulate stone for bufldinf or onuunental purposes."— 
Maehinery Market. 

PUMP5 AND PUMPING. 

A Handbook for Pump Users. Being Notes on Selection, Constmctitm, and 

Management. By M. Powis Balb, M.I.M.E. Fourth Edition. Crown 

8vo, cloth. [Just Published, 8/6 

" The matter is set forth as concisely as possible. In foct, condensation nther than difiiise- 

ness has been the author's aim throughout ; yet he does not seem to have omitted anythfaig likely to 

be of vsaJ'—yaumal <(/" Gas L^hHng. 

" Thorous^y practical and simply and clearly written."— C/bj^vw Herald, 

MILLING MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grindine the Cutters. By Paul N. Hasluck, 
Author of " Lathe-Work." 359 pp. With upwards of 300 Engravings. Large 

crown 8vo, cloth 12/6 

" A new departure in englneerinsf literature. . . . We can recommend this work to all in* 
terested in milliner machhies ; it is what it professes to be— a practical treatise."— £Mif^»««r. 

" A capital and reliable book which will no doubt be of considerable service both to those 
who are already acquainted with the process as well as to those who contemplate its adoption."— 
Industries. 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 

the Art of Turning. By Paul N. Hasluck. Seventh Edition. Crown 8vo, 

cloth. [Just Published. 6/0 

" Written by a man who knows not only how work ought to be done, but who also knows how 

to do it. and how to convey his knowledge to others. To aUtumers this book would be valuable."— 

Bngineering: 

" We can safely recommend the work to young engineers. To the amateur It will dmply be 
i ivaluable. To the student it will convey a great deal of useful information."— ^m^mct. 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and complete 
Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 
of " Lathe- Work," &c. With Seventy-four Illustrations. Fifth Edition. 

Waistcoat-pocket size 1/6 

" FuD of usefol infonnation, hints and practical criticism. Taps, dies, and screwing tools 
generally are illustrated and their actions described."— AftrAoMc^a/ fVcrid. 

" It is a complete compendium of all the details of the screw-cutting lathe ; in foct a muUutr • 
tn-^rvo on all the subjects tt treats vl'^vl."— Carpenter and Builder. 

TABLES AND MEMORANDA FOR ENGINEERS, 
MECHANICS, ARCHITBCTS, BUILDBRS, &c. 

Selected and Arranged by Francis Smith. Sixth Edition, Revised, including 

Electrical Tablbs, Formul^b, and Memoranda. Waistcoat-pocket size, 

limp leather. [Just Publtshtd. 1/6 

" It would, perhaps, be as diflScuIt to make a small pocket-book selection of notes and fonnulae 

t ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 



pocket collection may be looked upon as a successful attempt."— Engineer. 

" The best example we have ever seen of 970 paees of useful matter pacKea mro cne ounen 
•Ions of a caxd-casfo,"— Building News. " A ventaUe pocket treasury of knowledge."— /fiw . 



POCKET GLOSSARY OF TECHNICAL TERMS. 

English-French, French-English; with Tables suitable for the Architectmal, 
Engineering, Manufacturing, and Nautical Professions. By John Jambs 
Fletcher, Engineer and Surveyor. Third Edition, 900 pp. Waistcoat- 
pocket size, limp leather. [Just Published. 1/6 
" It is a very neat advantage for readers and correspondents in France and Eiu;land to have 
so lartre a number of the words relatinjr to engineering and manufiKturers coUected m a lllliputian 
volume. The little book wiU be usefulboth to students and travellers."— j<rcUtef<. 

" The glossary of terms is very complete, and many of the TaUes are new and well arranged. 
We cordially commend the book. —Mechanical World. 
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THE ENGINEER'S YEAR BOOK FOR 1902. 

Comprising Formuls, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kbmpb, .\.M. Inst. C.E., 
M.I.E.E., Principal Technical Officer, Engineer-in-Chief's Office, General Post 
Office, London, Author of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket-Book," &c. With i,ooo Illustrations, specially 
Engraved for ue work. Crown 8vo, 900 pp., leather. [Just Published. 8/0 
" Represents an enormous quantity of work, and forms a desirable book of reference."— T'^u 
Bnginter, 

"The volume is distinctly in advance of most similar publications in this country."— 
Bngineering. 

" This valuable and well-designed book of reference meets the demands of all descriptions of 
engineers."— %SdE/MmEay Review. 

" Teems with up-to-date information in every branch of engineering and construction."— 
Building News. 

** The needs of the engineering profession could hardly be supplied in a more admirable, 
complete and convenient form. To say that it more than sustains all comparisons is praise of the 
highest sort, and that may justly be said oiXt,"— Mining youmal. 

" There is certunly room for the newcomer, which supplies explanations and directions, as 
well as formulae and tables. It deserves to become one of the most successful of the technical 
annuals. "—A rchiUct. 

" Brings together with great skill all the technical information which an engineer has to use 
day by day. It is in every way admirably equipped, and is sure to prove successful"— Sc^lirmaw. 

" The up-to-dateness of Mr. Kempe's compilation is a quality that will not be lost on the bu«y 
people for whom the work is intended."— GAu-^^w Herald. 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the use 
of Owners and Users of Steam Engines generally. By William Dyson 

Wansbrough. Crown 8vo, cloth 8/6 

" This is a work of val^e to those who use stoam machinery. . . . Should be read by every 
one who has a steam engine, on a farm or elsewhere."— Afar^ LM.ne Excess. 

" We cordially commend this work to buyers and owners of steam-engines, and to those who 
have to do with thetr construction or use."— TVm^r Trades' journal. 

" Such a general knowledge of the steam-engine as Mr. Wansbrough furnishes to the reader 
should be acquired by all intelligent owners and others who use the steam-engine."— ^Mt^'Mf' News. 
" An excellent text-book of this useful form of engine. The ' Hints to Purchasers ' contain » 
good deal of common-sense and practical ■msdotn."^Englisk Mechanic. 

IRON AND STEEL. 

A Work for the Forge, Foundry, Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers ; 
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and Con- 
sulting Engineers ; Architects, Contractors, Builders, &c. By Charles Hoarb, 
Authorof "The Slide Rule," &c. Ninth Edition, samo, leather . 6/0 

" For comprehensiveness the book has not its equaL "—/r<m. 

•• One of the best of the pocket hooks."— English Mechanic. 

CONDENSED MECHANICS. 

A Selection of Formulae, Rules, Tables, and Data for the Use of Engineering 
Students, Science Classes, &c* In accordance with the Requirements of the 
Science and Art Department. By W. G. Crawford Hughes, A.M.I.C.E. 

Crown 8vo, cloth 2/6 

" The book is well fitted for those who are either confronted with practical problems in 
thehr work, or are preparing for examination and wish to refresh their knowledge by gomg through 
their formulas asain."—Marine Engineer. 

" It is well arranged, and meets the wants of those for whom it is intended."— ^a«/aMS> News. 

THE SAFE USE OF STEAM. 

Containing Rules for Unprofessional Steam Users. By an Engineer. Seventh 
Edition. Sewed gp^ 
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THE LOCOMOTIVE ENGINE. 

The Amobiography of an Old Locomotive Engine. By Robbrt Wbathbr* 
BURN, M.I.M.E. With Illustrations and Portraits of George and Robert 
Stephenson. Crown 8vo, cloth. l/i*si Published, Net 2/6 

summary of contents :— prologue.— cylinders.— motions.— connecting 
rods.— frames.— wheels.— pumps, clacks, &c.— injectors.— boilers.— smoke box. 
—Chimney.— Weather Board and awning.— internal Dissensions.— Engine 
Drivers, &c. 

*• It would be difficult to imagine anything more ingeniously planned, more cleverly worked 
out, and more charmingly written. Readers cannot fail to find the volume most enjoyable."— 
Glasgow Herald. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and z8q6. By Clement £. Strbtton, C.E. Fifth Edition, 
Enlarged. With zao Illustrations. Crown 8vo, cloth. [/ms< Published. 8/6 

" Students of railway history and all who are interested in the evolution of the modem 
ocomotive will find much to attract and entertain in this volume."— rA< Times. 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
Michael Reynolds, Member of the Society of Engineers, formerly Loco- 
motive Inspector, L. B. & S. C. R. Eleventh Edition. Including a Key to 

THE Locomotive Engine. Crown 8vo, cloth 4/6 

" Mr. Rcnmolds has supplied a want, and has supplied it welL We can confidently recom- 
mend the booK not only to the practical driver, but to everyone who takes an interest in the 
performance of locomotive engines."— 7'A« Engineer. 

" Mr. Reynolds has opened a new chapter in the literature of the day. His treatise is 
admirable."— j<iA«K«»m. 

THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer 

Locomotive Engines and their Inventors. By Michael Reynolds. Second 

Edition, with Revised Appendix. Crown Svo, cloth. [Just Published, 4/6 

" From the technical knowledge of the author, it will appeal to the railway man of to-day 

more forcibly than anything written by Dr. Smiles. . . . The volume contains mformation of a 

technical kind, and facts that every driver should be familiar ^MC'Snglish Mechanic. 

" V/'B should be glad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /rm. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance. With copious Illustrations and numerous 

Tables. By Michael Reynolds. Svo, cloth 9/0 

" A popular explanation of the different brakes. It will be of great assistance in forming 
public opinion, and will be studied with benefit by those who take an interest in the brakB."— English 
y Mechanic. 

STATIONARY ENGINE DRIVING. 

A Practical Manual or Engineers in Charge ot Stationary Engines. By 

Michael Reynolds. Sixth Edition. Crown Svo, cloth . . . 4/6 

" The author is thoroughly acquainted with his subjects, and his advice on the various points 

treated is clear and practical ... He has produced a manual which is an exceedingly useful 

one for the class for whom it is specially inteadea."— Engineering. 

'* Our author leaves no stone unturned. He is determined that his readers shall not only 
know sometliing about the sutionary engine, but all about it."— Engineer. 

ENGINE-DRIVING LIFE. 

Stirring Adventure and Incidents in the Lives of Locomotive Engine- 
Drivers. By Michael Reynolds. Third Edition. Crown Svo, cloth . 1 /6 
" Perfectlv fascinating. Wilkie Collins's most thrilling conceptions are thrown into the 
shade by true mcidents, endless in their variety, related in every page."— A^«r<A British Mail. 

THE ENGINEMAN'S POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 
By Michael Reynolds. With 45 Illustrations and numerous Diagraixn. 
Fourth Edition, Revised. Royal iSmo, strongly bound for pocket wear 3/6 



"This admirable work is well suited to accomplish its object, being the t^ol wvi^kmansbip 



of a competent engineer." — Glasgow Hera,d. 
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LIGHT RAILWAYS FOR THE UNITED KINGDOM, 
INDIA, AND THB COLONIES. 

A Practical Handbook setting forth the Principles on which Light Railways 
should be^ Constructed, Worked, and Financea ; and detailing the Cost of 
Construction, Equipment, Revenue and Working Expenses of Ixx^ Railways 
already established m the above-mentioned countries, and in Belgium, France, 
Switzerland, &c. By J. C. Mackav, F.G.S., A.M.Inst.C.E. Illustrated 
with Plates and Diagrams. Medium 8vo, cloth. [Just Publish$d, 1 6/0 

"Mr. Mackay's volume is cleaily and concisely written, adnurably arran^d, and freely 

illustrated. The book is exactly what has been loiu: wanted. We recommend it to all interested 

ia the subject. It is sure to have a wide sale."— ^a^oy News. 

TUNNELLING. 

A Practical Treatise. By Chaslbs Prblini, C.E. With additions by 
Charles S. Hill, C.E. Including 150 Diagrams and Illustrations. Royal 
8vo, cloth. [Just Published. Net 1 6/0 

PRACTICAL TUNNELLING. 

Explaining in detail Setting-out the Works, Shaft-»nking, and Heading-driving, 
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Tunnels, with the amount of Labour 
required for, and the Cost of, the various portions of the work. By Frederick 
W. SiMMS, M.Inst.C.E. Fourth Edition, Revised and Further Extended, 
including tne most recent (1805) Examples of Sub-aqueous and other Tunnels, 
by D. KiNNBAR Clark, M. Inst. C.E. Imperial 8vo, with 34 Folding Plates 
and other Illustrations. Cloth. [Just Publtshed. £2 2s. 

" The present (1896) edition has been brought right up to date, and is thus rendered a work to 
which civU engineers generally should have ready access, and to which engineers who have con- 
struction work can hardly afford to be without, but which to the younger members of the profession 
is invaluable, as from its pages they can learn the state to which the science of tunnelling has 
attained."— ^a«7wa^ News. 

" The estimation in which Mr. Simms's book has been held for many years cannot be more 
truly expressed than in the words of the late Prof. Ranldne: 'The best source of information on 
the subject of tunnels is Mr. F. W. Simms's work on Practical Tunnelling.' "^Architect. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATER-WORKS. 

A Practical Treatise for the Use of Engineers and Students of En^eering. 
By W. K. Burton, A.M. Inst. C.E., Professor of Sanitary Engineenng in the 
Imperial University, Tokyo, Japan, and Consulting Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended. With numerous 
Plates and Illustrations. Super-royal 8vo, buckram. [Just Published. 26/0 
I. Introductory. — II. Diffkrbnt Qualities of Water. — iii. Quantity op 
Water to be providbi).— IV. On Ascertaining whether a Proposed source op. 
Supply is sufficient.— v. on estimating the storage Capacity rbquirhd* 
to be provided.— VI, classification of Water-works.— VII. Impounding Reser- 
voirs.— VIII. Earthwork Dams.— IX. Masonry Dams.— X. The purification op 
WATER.- XI. Settling Reservoirs.— Xll. Sand Filtration.— Xill. purification 
of Water by Action of iron, Softening of Water by Action of Lime. Natural 
Filtration.— XIV. Service or Clean Water Reservoirs— Water Towers— Stand 
Pipes.— XV. The Connection of Settling Reservoirs, Filter beds and service 

reservoirs.— XVI. PUMPING MACHINERY.— XVII. FLOW OF WATER IN CONDUrrS— 

Pipes and Open Channels.— XVIII. Distribution Systems.— XIX. special Pro- 
visions FOR the Extinction of Fire,— XX. Pipes for Water-works.— XXI. Prb- 
VBNTION OF Waste of water.— XXII. Various applications used in Connection 

WrrH WATER-WORKS. 

Appendix I. By Prof. JOHN MILNE, F.R.S.— Considerations concerning the 
probable Effects of Earthquakes on Water-works, and the special Pre- 
cautions TO be taken in Earthquake countries. 

appendix IL By JOHN DE RIJKE. C.E.— ON SAND DUNES AND DUNE SAND AS 
A SOURCE OF WATER SUPPLY. 

" The chapter upon filtration of water is veiy complete, and the details of construction well 
illustrated. . . . The work should be specially valuable to dvO engineers engaged in work in 
Japan, but the interest is by no means conmied to that \0c2Ciity."— Engineer. 

"We congratulate the author upon the practical commonsense shown in the preparation of 
this woric . . . The plates and diagrams have evidently been prepared with great care, aitd 
cannot fail to be of great assistance to the sXxiAea!L"—Suilde*. 

. ._ . "/n»« whole art of water-works construction is dealt with in a clear and comprehendve fiishfcm 
in this handsome volume. ... Mr. Burton's practical treatise shows in aU its sections the fruit 
of Indepmdent study and individual experience. It is largely based upon bis own practice in the 
branch of engineering of which it treats."— 5aA<nfa^ Review. 
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THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbbr, A. M. Inst. C.E., and M. Inst M.E., Author of " Cast 
and Wrought Iron Bridge Construction," &c., &c. Illustrated with 50 Double 
Plates, 1 Single Plate, Coloiured Frontispiece, and upwards of 250 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 
balf-bound in morocco .... ... ^et £6 6s. 

List of Contents 
I. Historical Skbtch op some op the means that have been adopted por 
THE Supply of water to Cities and towns.— II. water and the Foreign Matter 

USUALLY associated WrTH IT.— III. RAINFALL AND EVAPORATION.— IV. SPRINGS AND 

THE Water-bearing Formations of various Districts.— V. measurement and 

ESTIMATION OF THE FLOW OF WATER.— VI. ON THE SELECTION OF THE SOURCE OP 
SUPPLY.— VII. WELLS.— VIII. RESERVOIRS.— IX. THE PURIFICATION OF WATER.— 
X. PUMPS.— XI. PUMPING MACHINERY.- XII. CO{IDUrrS.— XIII. DISTRIBUTION OF WATER. 
—XIV. METERS, SERVICE PIPES, AND HOUSE FriTINGS.- XV. THE LAW OF ECONOMY OP 
WATER-WORKS.- XVI. CONSTANT AND INTERMITTENT SUPPLY.— XVII. DESCRIPTION OP 

Plates.— APPENDICES, giving Tables of Rates of supply. Velocities, &c.. &c., 

TOGETHER WITH SPECIFICATIONS OP SEVERAL WORKS ILLUSTRATED, AMONG WHICH 
WILL BE POUND : ABERDEEN, BiDEFORD, CANTERBURY, DUNDEE, HALIFAX, LAMBETH. 
ROTHERHAM, DUBLIN, AND OTHERS. 

" The most systematic and valuable work upon water supply hitherto produced in Ensiisb, or 
in any other language. It is characterised almost throughout Dy an exhaustiveness much more 
distinctive of French and German than of Ens^ish technical treatises."— ^mj^mcct. 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for small Country Districts. By Allan Grbenwbll, A.M.I.C.E., 
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth. [Just Published. 6/0 

" We conscientiously recommend it as a very useful book for those concerned in obtaining 
irater for small districts, giving: a great deal of practical information in a small compasi."— Builder. 
" The volume contains valuable information upon all matters c(mnected with water supply. 
. . . FuU of details on points which are continually before water-works engineers."— yV«<Mr<. 

HYDRAULIC POWER ENQINEERINQ. 

A Practical Manual on the Concentration and Transmission of Power by 
Hydraulic Machinery. By G. Croydon Marks, A.M. Inst. C.E. With 
nearly 900 Illustrations. 8vo, cloth. l/usi Published, Net 8/0 

SUMMARY OF CONTENTS :— PRINCIPLES OF HYDRAULICS.— THE OBSERVED FLOW 

OF Water.— HYDRAULIC Pressures, Material.— Test Load Packings for Sliding 
SURFACES.— PIPE Joints.— Controlling Valves.— Platform Lifts.— Workshop, 
Factory, and dock Cranbs.—Hydraulicaccumulators.— Presses.— Sheet Metal 
Working and forging Machinery.— Hydraulic Rivetters.— Hand, power, jind 
Steam pumps.— Turbines.— Impulse and Re-action Turbines.— Design of Tur- 
bines.— water WHEELS.— Hydraulic Engines.- Recent achievements.- Tables. 

"We have nothing but praise for this thoroughly valuable work. The author has succeeded 
in rendering his subject interesting as well as instructive."— Pfwc/tox/ Engineer. 

"Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans- 
mission and utilisation of ^-wex."— Mechanical World. 

HYDRAULIC TABLES, C0-EFFICIENT5, & F0RMULi«. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulae, Tables, and Genersd Information on Rain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Siipply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.I.A. Third Edition, 
revised, with additions. Numerous Illustrations. Crown 8vo, cloth . 1 4/0 
" It is, of all English books on the subject, the one nearest to completeness."— ^rcA^/^rA 

HYDRAULIC MANUAL, 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 
Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 
Author of "Aid to Survey Practice," "Modern Metrology," &c. Fourth 

Edition, Enlarged. Large crown 8vo, cloth 1 6/0 

*' The author has constructed a manual which may be accepted as a trustworthy guide 
to this branch of the engineer's profession."— J?i^'M««fin/'. 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
By C. Slagg, A. M. Inst. C.E. Second Edition. Crown 8vo, cloth . 7/6 
" As a amaU practical treatise on the water suppty of towns, and on some appUcatlonS|Of water 
power, the work is in many respects excellent."— ^xywiMr^ntf, igitized by CjOOQ IC 
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THE RECLAMATION OF LAND FROM TIDAL WATERS, 

A Handbook for Engineers, Landed Proprietors, and others interested in 
Works of Reclamation. By Alexander Beazblby, M.Inst. C.E. With 
Illustrations. 8vo, cloth. [Just Published. I^et IQIQ 

" The book shows in a concise way what has to be done in reclaiming land from the sea. and 
the best way of doing it. The work contains a great deal of practical and useful infonnation which 
cannot fail to be of service to engineers entrusted with the enclosure of salt marshes, and to land- 
owners intending to reclaim land from the sea." — The Engineer. 

"The author has carried out his task efficiently and well* and his book contains a laige 
amount of information of great service to engineers and others interested in works of reclamation.' 
—Nature. 

MASONRY DAM5 FROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By 
C. F. Courtney, M. Inst. C.E. 8vo, cloth. [Just Published. 9/0 

" The volume contains a good deal of valuable data, and furnishes the engineer with practical 
advice. The author deals with his subject from the inception to the finish. Many useful sugges- 
tions will be found in the remarks on site and position, location of dam, foundations and 
construction."— 5«»7rfi«^ News. 

RIVER BAR5. 

The Causes of their Forination, and their Treatment by " Induced Tidal 
Scour " ; with a Description of the Successful Reduction by this Method of 
the Bar at Dublin. By I. J. Mann, Assist. Eng. to the Dublin Port and Docks 
Board. Royal 8vo, cloth 7/6 

" We recommend all interested in harbour works— and, indeed, those concerned in the 
mprovements of rivers generally— to read Mr. Mann's interesting yrot\i."— Engineer. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comi>rehensive History of the System; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power^ Steam, 
Cable Traction, Electric Traction, &c. ; a Description of the Vaneties of 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughl>r Revised, and Including the Progress recently made is 
Tramway Construction, &c., &c. By D. Kinnear Clark, M. Inst. C.E. 
With 400 Illustrations. 8vo, 780 pp., buckram. [Just Published. 28/0 

" The new volume is one which will rank, among tramway engineers and those interested in 
tramway working, with the Author's world-£euned book on railway machinery. "—^A^ Engineer. 

PRACTICAL SURVEYING. 

* A Text-Book for Students preparing for Examinations or for Sturvey-work in 
the Colonies. By George W. Usill, A.M.I.C.E. With 4 Plates and up- 
wards of 330 Illustrations. Seventh Edition. Including Tables of Natural Sines, 
Tangents, Secants, &c. Crown Bvo, cloth 7/6 * or, on Thin Paper, leather, 

gilt edges, for pocket use 1 2/6 

"The best forms of instruments are described as to their construction, uses and modes 
of employment, and there are innumerable hints on work and equipment such as the author. In 
his experience as surveyor, draughtsman and teacher, has found necessary, and which the student 
In his mexperience will find most serviceable."— £'«i^'«*<r. 



SURVEYING WITH THE TACHEOMETER. 

A practical Manual fOr the use of Civil and Military En^neers and Surveyors. 
Including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees. By Neil Kennedy, 
M. Inst. C.E. With Diagrams and Plates. Demy Bvo, cloth. 

[Just Published. Net 10/6 
" The work is very clearly written, and should remove all difficulties in the way of any surveyor 
desirous of makuig use of this useful and rapid instrument."— Ais/Mr^. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Lievelling, and Setting-out; and in Route Sur- 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By Lewis D* A. Jackson, A. M.I. C.E. Bvo, cloth .... 12/6 
" A valuable vade-mecum for the surveyor. We recommend this book as containing an 
admirable supplement to the teaching of the accomplished sarv9yoT."—Athenaum. ^^ 

lA A "Th« .author brings to his work a fortunate union of theory and practical experience which. 
aided by a clear and lucTd style of writing, renders the book a very usefiil one."-^!*^;^^^ wiwj.. 
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ENQINBER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 
Qse of Theodolite for Traverse Surveying and plotting the work with minute 
accuracy by means of Straight Edge and Set Square only ; Lievelling with the 
Theodolite, Casting>out and Reducing Levels to Datum, and Plotting Sections 
in the ordinary manner ; Setting-out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the Instrument ; 
Setting-out Curves without Theodolite on the System of Tangential Angles by 
Sets of Tangents and Offsets ; and Earthwork Tables to 80 feet deep, calcu- 
lated for every 6 inches in depth. By W. Davis Haskoll, C.E. With 
numerous Woodcuts. Fourth Edition, Enlarged. Crown 8vo, cloth . 1 2/0 
" The book is very handy ; the separate tables of sines and tangents to every mhiute will make 
it useful for many other purposes, the genuine traverse tables existing all the same."— A thenautH. 

" Everv person engaged in en^neering field operations will estimate the importance of such 
a woik and the amount of valuable tune which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fulness of those given in this volume,"— Railway News. 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. Second 
Exlition, Revised, wiUi Additions. Large crown 8vo, cloth . . . 9/0 
" This book must prove of great value to the student. We have no hesitation in recom« 
msnding It, feeling assured that it will more than repay a careful %taAy."—Muhanical World. 

" A most useful book for the student. We strongly recommend it as a carefully-written 
and valuable text-book. It enioys a well-deserved repute among surveyors."— ^M^/<i«r. 

" This volume cannot fail to prove of the utmost practical utility. It may be safely recom* 
mended to all students who aspire to become clean and expert surveyors."— J/t»»M^ youmal. 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frederick W. Simms, F.G.S., M. Inst. C.E. Eighth Edition, with the 
addition of Law's Practical Examples for Settine-out Railway Curves, and 
Trautwine's Field Practice of Laying-out Circular Curves. With 7 Plates 

and numerous Woodcuts, 8vo, cloth 8/6 

*i^ Trautwine on Curves may he had separate 6/0 

" The text-book on levelling in most of our en|[ineering schools and c<iSuege&."— Engineer. 

"The publishers have rendered a substantial service to the profession, especisuly to the 
younger members, by bringing out the present edition of Mr. Simms's useful yrot1c"—EM£ineeriH£. 

AN OUTLINE OF THE METHOD OF CONDUCTING 
A TRiaONOMBTRICAL SURVEY. 

For the Formation of Geographical and Topographical Maps and Plans, Mill- 
tarv Reconnaissance, LEVELLING, &c., with Useful Problems, Formulae, 
and Tables. By Lieut. -General Fromb, R.E. Fourth Edition, Revised and 
partly Re-written by Major*General Sir Charles Warren, G.C.M.G., R.E. 
With 19 Plates and 1x5 Woodcuts, royal 8vo, cloth .... 16/0 
" No words of praise from us can strengthen the position so well and so steadily maintained 
by this work. Sir Charles Warren has revised the entire work, and made such additions as were 
r to bring every portion of the contents up to the present da.te."—Broad Arrow. 



TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
FOR SBTTINQ-OUT CURVES. 

From 5 to 200 Radius. 6;^ A. Beazeley, M. Inst. C.E. 6th Edition, 
Revised. With an Appendix on the use of the Tables for Measuring up 
Curves; Printed on 50 Cards, and sold in a cloth box, waistcoat-pocket size. 

[Just Published, 3/6 
" Each table is printed on a card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument— no small advantage as regards the rapidity of work."— £M£t»««r. 

" very handy : a man may know that all his dav's work must fall on two of these cards, which 
he puts into his own card-case, and leaves the rest hta:^d."—Athetueum, 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches to 80 feet in Depth or Height, for use with either 
66 feet Chain or zoo feet Chain. By J. H. Watson Buck, M. Inst. C.£. 
On a Sheet mounted in cloth case. u\qM^* Publishid. 3/6 
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EARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankments, Cattings, &c., of 
Heights or Depths up to an average of 80 feet. By Joseph Broadbbnt, C.E., 

and Francis Campin, C.£. Crown 8vo, cloth 6/0 

The way in which accuracy is attained, by a simple divbion of each cross section into three 
~ two in which are constant and one variable, \siagexuous."—j1tHeHauitt. 



A MANUAL ON EARTHWORK. 

By Alex. J. S. Graham, C.E. With numerous Diagrams. Second EUlition. 
i8mo, cloth 2/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By T. H. Watson Buck, M. Inst. C.E., 
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 1 2/0 
" Many of the methods given are of extreme practical value to the mason, and the observa- 
tions on the torm of arch, the rules for ordering the stone, and the construction of the templates, 
will be found of considerable use. We commend the book to the engineering professton."— 
Builditu' News. 

" will be regarded by civil engineers as of the utmost value, and calculated to save much 
time and obviate many mistakes." — Colliery Guardian. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts. — Theoretical, Practical, and Descriptive. By William Humbek, 
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much im- 
proved, with 115 Double Plates (20 of which now first appear in this edition), 
and numerous Additions to the Text. In 2 vols., imp. 4to, half-bound in 

morocco £6 16s. 6d. 

" A venr valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans, and sections, large scale details are given, which very much enhance the 
Instructive worth of those illustration^" — Civil EnpiHeer and Architect s youmal. 

"Mr. Humber's stately volumes, lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, 
Mr. Hawkshaw, Mr. P^e, Mr. Fowler, Mr. Hemsms, and others among our most eminent 
engineers, are drawn and specified in great di^xL" ^Engineer. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late George 
Watson Buck, M.I.C.E. Fourth Edition, revised \>y his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.I.C.E. 

Royal 8vo, cloth 1 2/0 

" The standajrd text-book for all engineers regarding skew arches is Mr. Buck's treatise, 
and it would be impossible to consult a \ie)tXet."—Enfineer. 

" Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested 
the subject of many of the intricacies supposed to belong to it. As a guide to the engineer and 
architect, on a confessedly difficult subject, Mr. Buck's work is MasxLrpass»d."—Buiidinsr News. 

THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperisd 8vo, cloth - 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Roofe, Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By R. Hudson Graham, C.E. Containing 
Diag^rams and Plates to Scale. With numerous Examples, many taken from 
existing Structures. Specially arranged for Class-work in Colleges and 
Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 1 6/0 
" Mr. Graham's book will find a place wherever graphic and analytic statics are used or 
studied. "--Engineer. 

" The work is excellent from a practical point of view, and has evidently been prepared 
with much care. The directions for working are simple, and are illustrated by an abundance of 
weU-selected examples. It is an exceUent text-book for the practical draughtsman."— ^ /*/«««»». 

WEIGHTS OF WROUGHT IRON & 5TEEL GIRDERS. 

A Graphic Table for Facilitatmg the Computation of the Weights of Wrought 
Iron and Steel Girders, &c., for Parliamentary and other Estimates, By 
J. H. Watson Buck, M. Inst. C.E. On a Sheet ..... 2/6 
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PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. Givine Rules or the Delineation 
and Application of various Geometrical Lines, Figures, and Carves. By 

£. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

" No book with the same objects in view has ever been published in which the clearness oi 
the rules laid down and the illustrative diag^rams have been so satisfactory."— vSevitrwMtn. 

THE GEOMETRY OF C0MPA55E5. 

Or, Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Oliver Bvrnb. Coloured Plates. 
Crown 8vo, cloth 8/6 

HANDY BOOK FOR THE CALCULATION op 5TRAIN5 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corresponding Diagrams, with numerous details for Practical Applica* 
tion, &c. B^ William Humber, A. M. Inst. C.E., &c. Fifth Edition. 
Crown 8vo, with nearly xoo Woodcuts and 3 Plates, cloth . . . 7/6 

" The formuix are neatly expressed, and the diagrams good."—Athenau»t. 

"We heartily commend this really kandy book to our engineer and architect readers.' 
Encash Mtchanic. 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses, Breaking 
Weights, Safe Loads, Scantlings, and Details of Construction. With Complete 
Working Drawings. By William Griffiths, Surveyor. 8vo, cloth. 4/6 
"This handy little book enters so minutely into every detail connected with the con- 
struction of roof trusses that no student need be ignorant of these maXX.9Xs."—PreuHcal Bngittetr. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. W. Sheilds, M.I.CE. 
8vo, cloth 6/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A new Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldv ; and 
Formuls for calculating Gurders, &c. Arranged and Edited by Wm. Humber, 

A. M. Inst. C.E. 8vo, cloth 18/0 

" Valuable alike to the student tyro, and the experienced practitioner, it wiQ always rank 

in future as it has hitherto done, as the standard treatise on that particular subject."— J?H«v'M«tfr. 

" As a scientific work of the first class, it deserves a foremost place on the bookshelves of 

every civil engineer and practical mechanic."— £»^/<rA Mechanic. 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De< 
scription of Modern Appliances and Systems. By Clement E. Stretton, 
C.E., Vice-President and Consulting Engineer, Amalgamated Societ3r of 
Railway Servants. With Illustrations and Coloured Plates. Third Edition, 

Enlarged. Crown 8vo, cloth 3/6 

"A book for the engineer, the directors, the managers; and, in short, all who wish for 

infocmation on railway matters will find a perfect encyclopaedia in ' Safe Railway Working.' "— 

Rctittt/cty Review. 

"We commend the remarks on railway rignalling to all railway managers, especially where 

a uniform code and practice is advocated."— //<tf*^a«*'j Railway youmal. 

EXPANSION OF STRUCTURES BY HEAT. 

By John Kbily, C.E., late of the Indian Public Works Department. Crown 
8vo, cloth 3/6 

" The aim the author has set before him, viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or 
architect can find but Uttle reliable and comprehensive data in books."— ^««tf&ier. 



i6 CROSBY LOCKWOOD ^ SON'S CATALOGUE, 
THE PROGRESS OF MODERN ENQINEERINQ. 

Complete in Four Volumes, imperial 410, half-morocco, price £12 12t. 

Each volume sold separately, as follows : — 
First Series, Comprising Civil, Mechanical, Marine, Hydraulic, Railway, 
Bridee, and other Engmeering Works, &c. By William Humbbr, 
A. M. Inst. C.E., &c« Imp. 410, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of John Hawkshaw, C.E., F.K.S., &c, and copious 
descriptive Letterpress, Specifications, &c Half-morocco . . £8 8s. 

List of the Plates and Diagrams. 

Victoria Station and Roof, L. B. & S. C. R. (8 plates); Southport Pier 
(a plates) ; victoria station and roof, l. c. & d. and g. w. r. (6 plates) ; roof 
OF Crbmorne music Hall; Bridge over g. N. Railway; roop of Station, 
Dutch rhbnish Rail, (a plates); Bridge over the Thames. West London 
Extension Railway (s plates); armour Plates; Suspension Bridge, Thames 
(4 plates); The Allen engine; Suspension Bridge, Avon (3 plates); Under- 
ground Railway (3 plates). 

HUMBER'S MODERN ENQINEERINQ. 

Second Series. Imp. 4to, with 3 Double Plates, Photographic Portrait of 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter- 
press, Specifications, &c. Half-morocco £3 8 s. 

List of the Plates and Diagrams. 

Birkenhead Docks, Low Water Basin (ij plates) ; Charing Cross Station 
Roof, c. C. Railway (3 plates); Digswell viaduct, Great Northern Railway; 

ROBBERY wood VIADUCT, GREAT NORTHERN RAILWAY; IRON PERMANENT WAY; 

Clydach Viaduct, Merthyr, Tredegar, and Abergavenny Railway; Ebbw 
VIADUCT, Merthyr, Tredegar, and Abergavenny Railway; College Wood 
Viaduct, Cornwall railway; Dublin winter palace roof (3 plates); Bridge 
over the Thames, L. C. & d. railway (6 plates); Albert Harbour, Greenock 
(4 plates). 

HUMBER'S MODERN ENQINEERINQ. 

Third Series. Imp. 4to, with 40 Double Plates, Photo^aphic Portrait of 
J. R. M'Clean, late Fres. Inst. C.E., and copious descriptive Letterpress, 
Specifications, &c. Half-morocco £8 8 s. 

List of the Plates and Diagrams. 

Main drainage. Metropolis.— JVbr/A Side.— Maf showing Interception op 
Sewers ; Middle Level Sewer (a plates) ; Outfall Sewer. Bridge over River 
Lea (3 plates) ; Outfall Sewer, Bridge over Marsh Lane, North Woolwich 
Railway, and Bow and Barking Railway Junction; Outfall Sewer, Bridge over 
Bow AND Barking Railway (3 plates) ; Outfall Sewer, bridge over East London 
Water-works' feeder (a plates) ; Outfall Sewer reservoir (a plates) ; Outfall 
Sewer. Tumbling Bay and outlet ; Outfall Sewer. Penstocks. 5o«j* SitU.— 
Outfall Sewer. Bermondsey Branch (a plates) ; outfall Sewer, Reservoir and 

OUTLET (4 plates) ; OUXFALL SEWER. FILTH HOIST ; SECTIONS OF SEWERS NORTH AND 

South Sides). 

THAMES Embankment section of River Wall ; steamboat Pier. West- 
minster (a PLATES); LANDING STAIRS BETWEEN CHARING CROSS AND WATERLOO 
BRIDGES ; YORK GATE (a PLATES) ; OVERFLOW AND OUTLET AT SAVOY STREET SEWER 
te PLATES); STEAMBOAT PlER, WATERLOO BRIDGE (3 PLATES) ; JUNCTION OF SEWERS, 
PLANS AND SECTIONS ; GULLIES. PLANS AND SECTIONS ; ROLLING STOCK ; GRANITE 
AND IRON FORTS. 

HUMBER'5 MODERN ENQINEERINQ. 

Fourth Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of 
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, &c. Half-morocco £3 3 s. 

List of the Plates and Diagrams. 
Abbey Mills pumping station, main drainage. Metropolis (4 plates) ; 

BARROW DOCKS (5 PLATES) ; MANQUIS VIADUCT, SANTIAGO AND VALPARAISO RAILWAY, 
(3 PLATES) ; ADAM'S LOCOMOTIVE. ST. HELEN'S CANAL RAILWAY (a PLATES) ; CANNCm 

STREET Station roof, charing Cross Railway (3 plates); Road bridge over 
THE River moka (a plates) ; Telegraphic Apparatus for Mesopotamia ; viaduct 
over the River wye. Midland Railway (3 plates); St. Germans Viaduct, 
Cornwall Railway (a plates); Wrought-iron Cylinder for Diving Bell ; 
Millwall Docks (6 plates); milroys Patent excavator ; metropolitan Dis- 
trict Railway (6 plates) ; harbours. Ports, and breakwaters (3 plates). 
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MARINE ENGINEERING, SHIPBUILDING, 
NAVIGATION, &c. 



THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK of Formulae, Rules, and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. By Clement Mackrow, M.I.N.A. 
Eighth Edition, Thoroughly Revised. Fcap., leather. 

[Just Published, mi 1216 
Summary of Contents :— Signs and symbols, Decimal Fractions.— Trigono 
mbtry.— practical geometry.— mensuration.— centres and moments of figures, 
—moments of inertia and radii of gyration.— algebraical expressions for 
Simpson's rules.— mechanical Principles.— Centre of Gravity.— Laws of motion, 
—displacement, centre of buoyancy.— centre of gravity of ship's hull.— 
STABILITY Curves and Metacentres.— Sea and Shallow-water Waves.— Rolling 
OF Ships.— propulsion and resistance of Vessels.- Speed Trials.— Sailing, 
Centre of Effort.— Distances down rivers. Coast Lines.— Steering and 
rudders of Vessels.- Launching Calculations and velocities.— weight of 
Material and Gear.— Gun particulars and Weight.— Standard Gauges.— 
Riveted Joints and Riveting.— Strength and Tests of Materials.— Binding 
AND Shearing Stresses, &c. — Strength of Shafting, pillars, wheels, &c. 
—hydraulic Data, &c. — Conic sections. Catenarian curves. — Mechanical 
powers, work.— Board of Trade Regulations for Boilers and Engines.— Board 
OF Trade Regulations for Ships.— Lloyd's Rules for Boilers.- Lloyd's weight 
OF Chains.— LLOYD'S Scantlings for Ships.— Data of Engines and vessels.— 

Ships' Fittings and Tests seasoning Preserving Timber.— Measurement of 

Timber.— ALLOYS, Paints, Varnishes.— Data for Stowage.— Admiralty Trans- 
port Regulations.— Rules for Horse-power, screw Propellers, &c.— Per- 
centages for Butt Straps, &c.— Particulars of Yachts.— Masting and rigging 
Vessels.— Distances of Foreign Ports.— Tonnage Tables.— vocabulary of 
French and English Terms. — English weights and Measures. — Foreign 
Weights and* Measures.— Decimal Equivalents.— Foreign money.— Discount 
AND Wages Tables.— Useful numbers and Ready reckoners.— tables op 
Circular Measures.— tables of areas of and circumferences of Circles.— 
Tables of areas of Segments of Circles.— Tables of squares and Cubes and 
Roots of Numbers.— Tables of Logarithms of numbers.— Tables of Hyper- 
bolic logarfthms.- Tables of Natural sines. Tangents. &c.— Tables of 
Logarithmic Sines, Tangent5, &c. 

" In these days of advanced knowledge a work like this is of the greatest value. It contains 
a vast amount of infonnation. We unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman, 
wood or iron shipbuilder, can afford to be without this yrork."— Nautical Afag-asine. 



" Should be used by all who are engaged in the construction or design of vessels. . . . Will 
be found to contain the most useliil tables and fonnulae required by shipbuilders, carefully collected 
izom the best authorities, and put together in a popular and simple form. The book is one of 
exceptional ment."-~£Hgi*u£r. 

" The professional shipbuilder has now, in a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves in the course of his work."— /rm. 

" There is no doubt that a pocket-book of this description must be a necessity in the ship- 
building trade. . . The volume contains a mass of useful information clearly expressed and 
presented in a bandy {orm."-^Afarine Engineer. 

WANNAN'5 MARINE ENQINEER'5 GUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions; 
302 Elementary Questions with Illustrated Answers, and Verbal Questions 
and Answers ; complete Set of Drawings with Statements completed. By 
A. C. Wannan,C.E., Consulting Engineer, and E. W. I. Wannan, M.I.M.E., 
Certificated First Class Marine Engineer. Illustrated with numerous Engrav- 
ings. Second Edition, Revised and Enlarged. 500 pages. Large crown 8vo, 
cloth. [Just Published. Net 101 S 

*' The book is clearly and plainly written and avoids unnecessary explanations and formulas, 
and we consider it a valuable book for students of marine engineering."— Aisw/ura/ Magagitu. 

WANNAN'S MARINE ENGINEER'S POCKET-BOOK 

Containing the Latest Board of Trade Rules and Data for Marine Engineers. 

By A. C. Wannan. Third Edition, Revised, Enlarged, and Brought Up to 

Date. Square i8mo, with thumb Index, leather. [Just Published. 6/0 

" There is a great deal of useful information in this little pocket-book. It is of the rule-of- 

thumb order, and is, on that account, well adapted to the uses of the sea-going^Mft^r."— 

L. B 
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MARINE ENQINE5 AND 5TEAM VE55EL5. 

A Treatise on. By Robert Murray, C.E. Eighth Edition, thoroughly 
Revised, with considerable Additions by the Author and by Gborgb 
Carlisle, C.E., Senior Surveyor to the Board of Trade, xamo, cloth . 4>/6 

SEA TERMS, PHRASES, AND WORDS 

(Technical Dictionary of) used in the English and French Languages 
(English-French, French-English). For the Use of Seamen, Engineers, Pilots, 
Shipbuilders, Shipowners, and Ship-brokers. Compiled by W. Pirrie, late of 
the African Steamship Company. Fcap. 8vo, cloth limp . . . 5/0 
" This volume will be highly appreciated by seamen, encfineers, pilots, shipbuilders and ship- 
owners. It will be found wondertully accurate and coiaplete.'^—Sc0tsfHaH. 

" A very useful dictionary, which has lone been wanted by French and Ens^lsh engineers, 
masters, officers and others."— 5A«>>/«>v IVorld. 

ELECTRIC SHIP-LIQHTINQ. 

A Handbook on the Practical Fitting and Running of Shi^' Electrical Plant, 
for the Use of Shipowners and Builders, Marine Electricians and Sea-going 
Engineers in Charge. By J. W. Urquhart, Author of "Electric Light," 
"Dynamo Ck>nstruction2 &c. Second Edition, Revised and Extended. 
326 pp., with 88 Illustrations. Crown 8vo, cloth. [/««/ Published, "J IS 

MARINE ENGINEER'S POCKET-BOOK. 

Consisting of useful Tables and Formulae. By Frank Proctor, A.LN.A. 

Third Edition. Royal 32mo, leather, gilt edges, with strap . . . 4>/0 
" We recommend it to our readers as going far to supply a long-felt -wzsA."— Naval Science 
" A most useful companion to all marine eofpneets."— united Service GoMette. 

ELEMENTARY ENQINEERINQ. 

A Manual for Young Marine Engineers and Apprentices. ^ In the Form 01 
Questions and Answers on Metals^ Alloys, Strength of Materials, Construction 
and Manag^ement of Marine Engines and Boilers, Geometry, &c., &c. With 
an Appendix of Useful Tables. By J. S. Brewer. Crown 8vo, cloth . 1 /© 
" Contains much valuable information for the class for whom it is intended, especially in the 
chapters on the management of boilers and &cipae&."-^NauHcal Magrasine. 

PRACTICAL NAVIGATION. 

Consisting of The Sailor's Sea-Book, by James Greenwood and W. H. 
RossER ; together with the exquisite Mathematical and Nautical Tables for 
the Working of the Problems, by Henry Law, C.E., and Professor J. R. 
Young. Illustrated. i2mo, strongly half-bound 7/0 



THE ART AND SCIENCE OF SAILMAKINQ. 

By Samuel B. Sadler, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthorne, of Cowes and Gosport. With Plates and 

other Illustrations. Small 4to, cloth 1 2/6 

" This extremely practical work gives a complete education in all the branches of the manu. 
facture, cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first- 
rate text-book and saiCtib."— Portsmouth Times. 

CHAIN CABLES AND CHAINS. 

Comprising Sizes and Curves of Links, Studs, &c.. Iron for Cables and Chains, 
Chain Cable and Chain Making, Forming and Weldine Links^ Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, &c., &c By 
Thomas W. Traill, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chief, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent Lloyd's Committee on Proving Establishments. 
With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 

cloth, bevelled boards . £2 2s. 

a rnm^'iiL*^"?!S* V^* "noum of valuaUe information. Nothing seems to lie wanting to make it 
a complete and standard work of raference on the subject. "-.NauTura/ Mojfaxine. 
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MINING, METALLURGY, AND 
COLLIERY WORKING. 
THE DEEP LEVEL MINES OF THE RAND, 

And their Futtire Development, considered from the Commercial Point of View. 
By G. A. Denny, M.N.E. Inst. M.E., Consulting Engineer to the General 
Mining and Finance Corporation, Ltd., of London, Berlin, Paris, and Johan- 
nesburg. Fully Illustrated with Diagrams and Folding Plates. Royal 8vo, 
buckram. IJust Publisfud. I^et 26IO 

PROSPECTING FOR GOLD. 

A Handbook of Practical Information and Hints for Prospectors based on 
Personal Experience. By Daniel J. Rankin, F.R.S.G.S., M.R.A.S. Author 
of **The Zambesi Basin," &c. ; formerly Manager of the Central African 
Company, and Leader of African Gold Prospecting Expeditions. With Illus- 
trations specially Drawn and Engraved for the Work. F'cap. 8vo, leather. 

l/usi Pui/isAed. Net 7/6 

THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores. 

Including the Assaying, Melting, and Refining of Gold. By M. Eissler, 

A.I.M.E., M. Inst. M.M. •* Author of The Metallurgy of Silver," &c. Fifth 

Edition, Enlarged and Re-arranged. With over 300 Illustrations and numerous 

Folding Plates. Medium Svo, cloth. [Just Published. AV/ 21/0 

" This book thoroughly deserves its title of a * Practical Treatise.' The whole process of gold 

milltn^, from the breaking of the quartz to the assay of the bullion, is described in dear and orderly 

narrative and with much, but not too much, fulness of detaOL"— Saturday Retnew. 

" The work is a storehouse of information and valuable data, and we strongly recommend it 
to all professional men engaged in the gold-mining industry."— J/m<M^ youmal. 

THE CYANIDE PR0CE55 OF GOLD EXTRACTION. 

Including its Practical Application on the Witwatersrand Gold Fields in South 

Africa. By M. Eissler, M.E., Author of "The Metallurgy of Gold," &c. 

With Diagrams and Working Drawings. Svo, cloth .... 7/6 

" This book is Just what was needed to acquaint mining men with the actual working of a 

process which is not only the most popular, but is, as a general rule, the most successful for the 

extraction of gold from tailings."— Afi^m'f^ youmal. 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro- 
specting and Exploiting Mineral-Bearing Properties, including Particulars ot 
the Costs of Apparatus and Working. By G. A. Denny, M.N.E. Inst. M.E., 
M I.M. and M. Author of "The Klerksdorp Goldfields." Medium 8vo, 
z68 pp., with Illustrative Diagrams. [/»f/ Published, 1 2/6 
" There is certainly scope for a work on diunond drilling, and Mr. Denny deserves grateful 
recognition for supplying a decided want. We strongly recommend every board of directors to 
z.n .._ . , ^.. ., .^..,. ^■^. ^ ^""o auriferous deposits, and, 



c prospecting, both from the 
lerground. The auther has given us a valuable volume of eminently practical data 
that should be in the possession of those interested in xmzaxMg."— Mining yournal. 

FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Mkrritt, 
M N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and other 
Illustrations. Fcap. Svo, leather. \Just Published. Net 6/0 

" As an instructor of prospectors' classes Mr. Merritt has the advantage of knowing 

exactly the information likely to be most valuable to the miner in the field. The contents cover 

all the details of sampling and testing gold and silver ores. The work will be a useful addition to a 

prospector's )cl\.."— Mining youmal. 

"It gives the gist of the author's experience as a teacher of prospectors, and is a book which 

no prospector could use habitually without finding it pan out vt^lX, —Scotsman. 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 
Valuable Minerals. By J. W. Anderson, M.A. (Camb.), F.R.G.S. Ninth 
Edition. Small crown Svo, cloth, 3/6 \ or, leather, pocket-book form, with 
tuck. [Just Published. 4/6 

" Will supply a much-felt want, especially among Colonists, In whose way are so often thrown 
many mineralogical specimens the value of which it is difficult to determine."— ^M^^'M^r. 

"How to find commercial minerals, and how to identify them when they are found, are the 
leading points to which attention is directed. The author has managed to oack as much practical 
detail mto his pages as would supply material for a book three times Its ^xt.— Mining yourttal. 
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THE METALLURGY OF 5ILVER. 

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver 
Ores. Including the Assaying, Melting, and Refining of Silver Bullion. By 
M. EissLER, Author of "The Metallurgy of Gold," &c Third Edition. 
Crown 8vo, cloth 10/6 

" A practical treatise, and a technical work which we are convinced will supply a long-felt 
want amongst practical men, and at the same time be of value to students and others indirectly 
connected with the industries."— ^intne youmal. 

" From first to last the book is thoroughly sound and reliable."— C<?//fefy Guardian. 

" For chemists, practical miners, assayers. and investors alike we do not know of any work 
on the subject so handy and yet so comprehensive."— ^Au^«w Herald. 

THE HYDRO-METALLURGY OF COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat- 
ment of Cupriferous Ores, Including the Manufacture of Copper Vitriol, with 
Chapters on the Sources of Supply of Copper and the Roasting of Copper Ores. 
By M. EissLEK, M.I.M.M. Medium 8vo, cloth. [Just Published. iV^/12/6 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modern Smelting Furnaces and Plants in Europe and America. 
By M. EissLER, M. E. , Author of * ' The Metallurgy of Gold, " &c Crown 8vo, 

400 pp., with 183 Illustrations, cloth 12/6 

" The numerous metallurgical processes, which are fiilly and extensively treated of, embrace 

all the stages experienced in the passage of the lead from the various natural states to its issue from 

the refinery as an article of commerce, -/'rtfc/iwrfl:/ Engineer . 

" The present volume fully maintains the reputation of the author. Those who wish to obtain 

a thorough insight into the present state of this industry cannot do better than read this volume, and 

all mining ei^neers cannot fail to find many useful hints and suggestions in \!t."—Jndusiries, 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davies, F.G.S. Sixth Edition, thoroughly Revised and much 

Enlarged by hb Son, E. Henry Davies, M.E., F.G.S. 600 pp., with 173 

Illustrations. Large crown 8vo, cloth [Jtist Published. Net 1 2/6 

" Neither the practical miner nor the general reader, interested in mines, can have a better 

book for his companion and his guide."— ^ftntn^ journal. 

" As a history of the present state of mining throughout the world this book has a real value, 
and it supplies an actual yraat."— A thenaum. 

MACHINERY FOR METALLIFEROUS MINES. 

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of 

Mines. By E. Henry Davies, M.E., F.G.S. Medium 8vo, cloth, 6co pp. 

With Folding Plates and other Illustrations. [Just Published. Net 25/0 

" Mr. Davies, in this handsome volume, has done the advanced student and the manager of 

mines good service. Almost every kind of machinery in actual use is carefully described, and the 

woodcuts and plates are good."— ./«**«<?«»». 

'• From cover to cover the work exhibits all the same characteristics which excite the confi- 



dence and attract the attention of the student as he peruses the first page. The work may safely 
be recommended. By its publication the literature connected with the industry will be enriched 
and the reputation of its author cahzxiced^"— Mining youmal. 



EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davies, F.G.S., Author of " Metalliferous Minerals," &c. Third 
Edition, Revised and Enlarged hy his Son, E. Henry Davibs, M.E., F.G.S. 

With about 100 Illustrations. Crown 8vo, cloth 1 2/6 

" We do not remember to have met with any English work on mining matters that contains 
the same amount of information packed in equally convenient fotia."—AcatUtny. 

" We should be inclined to rank it as among the very best of the handy technical and trades 
manuals which have recently appeared."— BriiisA Quarterly Rernew. 

BRITISH MINING. 

A Treatise ou the History, Discovery, Practical Development, and Fntorc 

Prospects of Metalliferous Mines in the United Kingdom. By Robert 

Hunt, F.R.S., late Keeper of Mining Records. Upwards of 950 pp., with 

230 Illustrations. Second Edition, Revised. Super-royal 8vo, cloth £2 2ft. 

" The book is a treasure-house of statistical information on mining subjects, and we know of 

no other work embodying so great a mass of matter of this kind. Were this the only merit o« 

Mr. Hunts volume it would be sufficient to render it indispensable in the Kbrary of every ana 

interested in the development of the mining and metalluiglcal industries of this country.".- 
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POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rules, Formulae, Tables, and Notes for Use in Field and Office 

Work. By F. Danvbrs Power, F.G.S., M.E. Second Edition, Corrected. 

Fcap. 8vo, leather. [Just Published. 9/0 

"This exceUent book is an admirable example of its Idnd, and ought to find a lais^e sale 

amongst Ens^ish-speakins: prospectors and milliner engineers."— £fvv>i««rlMt^. 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c. For the Use of Students and others interested 
in Mining Matters. By John Milne, F.R.S., Professor of Mining in the 
Imperial University of Japan. Third Edition. Fcap. 8vo, leather . 7/6 
"Professor Mihie's handbook is sure to be received with favour by all connected with 
mininsr, and will be extremely popular among: studtnts."—AtfuHaum. 

THE IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 1 6'0 
The author has a thorough practical knowledge of his subject, and has supplemented a 



careful study of the available literature by unpublished information derived from his own obs.irva- 
tions. The result is a very useful volume, which cannot fail to be of value to all interested in the 
iron industry of the country."— IndustrUt. 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pumping Machinery. By Stephen Michell. Second Edition, Re-written 
and Enlarged, 390 pp. With about 250 Illustrations. Royal 8vo, cloth. 

[Just Published. Net 25/0 

Summary op Contents :— horizontal Pumping engines.— Rotary and Non- 
Rotary Horizontal enginss.— Simple and Compound Steam Pumps.— vertical 
Pumping Engines.— Rotary and non-Rotary Vertical engines.— Simple and 
Compound Steam Pumps.— Triple-Expansion Steam Pumps.— Pulsating Steam 
Pumps.— Pump Valves.— Sinking pumps, &c., &c. 

"This volume contains an immense amount of important and interesting new matter. 
The book should undoubtedly prove of great use to ail who wish for information on the sub- 
ject, inasmuch as the different patterns of steam pumps are not alone lucidly described and 
clearly illustrated, but in addition numerous tables are supplied, in which their sizes, capacity, 
price, dec, are set forth, hence facilitating immensely the rational selection of a pump to suit 
any purpose that the reader may desire, or, on the other hand, supplying' him with useful 
information about any of the pumps that come within the scope of the volume."— TA^ Engineer. 

THE COLLIERY MANAQER'5 HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working of Collieries, 
Desijsned as a Book of Reference for Colliery Managers, and for the Use of Coal 
Minmg Students preparing for First-class Certificates. By Caleb Pamelv, 
Mining Engineer and Surveyor ; Member of the North of Enel'and Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. ^ With 700 Plans, Diagrams, and other Illustrations. 
Fourth Edition, Revised and Enlarged, medium 8vo, over 900 pp. 
Strongly boimd £1 5s. 

Summary op Contents:— Geology.— Search for Coal.— Mineral leases 
AND other holdings.— Shaft Sinking.— Fitting Up the Shaft and Surface 

Arrangements Steam boilers and their Fittings.— Timbering and walling.— 

Narrow Work and Methods of working. — Underground conveyance. - 
Drainage.— The Gases met with in Mines; Ventilation.— on the Friction of 
Air in mines.— the priestman Oil Engine; Petroleum and Natural Gas.- 

Surveying and Planning Safety L.amps and Firedamp Detectors.— Sundry 

and incidental operations and appliances.— colliery explosions.— mlscel- 

LANEOUS QUESTIONS AND ANSWERS.— ^//^MdCur; SUMMARY OF REPORT OF H.M. 
COMMISSIONERS ON ACCIDENTS IN MINES. 

" Mr. Pamdy has not only fifiven us a comprehensive reference boolc of a very hi^ h order, 
suitable to the re<iuirements of nunine engineers and colliery managers, but has also provided 
mining students with a class-boolc that is as mteresting as it is instructive."— Co/Zi^ry Manager. 

" Mr. Pamely's worlc is eminently suited to the purpose for wtiich it is intended, being clear, 
interesting, exliaustive, rich in detail, and up to date, giving descriptions of the latest machines in 
every department. A mining engineer could scarcely go wrong who followed this work."— CoUiery 
GuanUoH, 

"This is the most complete 'all-round' worlc on coal-mining published in the English 
language. ... No library of coal-mining books is complete without \L"—CoUi4ry Bngintgr 
(ScTBiton, Pa., U.S.A.). 
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COLLIERY WORKING AND MANAGEMENT. 

Comprbing the Duties of a Colliery Manager, the Oversight and Arrange- 

ment of Labour and Wages, and the diflferent Systems of Working Coal 

Seams. By H. F. Bulman and R. A. S. Redmayne. 350 pp., with 

28 Plates and other Illustrations, including Underground Photographs. 

Medium 8vo, cloth. {Just Published, 1 6/0 

" This is, indeed, an admirable Handbook for Colliery Manag^ers, in fact it is an indispensable 

adjunct to a Colliery Manager's education, as well as being a most useful and interestiiig work 

on the subject for all who in any way have to do with coal mining. The undei^ound photographs 

are an attractive feature of the work, being very lifelike and necessarily true representations of the 

scenes they depict."— CoZ/t^o' Guardian. 

" Mr. Bulman and Mr. Redmayne, who axe both experienced Colliery Managers of great 
literary ability, are to be congratulated on having supplied an authoritative work dealing with aside 
of the subject of coal minmg which has hitherto received but scant treatment. The authors 
elucidate their text by no woodcuts and s8 plates, most of the latter being admiraUe reproductions 
of photc^raphs taken underground with the aid of the magnesium flash-light. These illustrations 
are exctaleat."— Nature. 

COAL AND COAL MINING. 

By the late Sir Warington W. SmytHj F.R.S., Chief Inspector of the 
Mines of the Crown. Eighth Edition, Revised and Extended by T. Forster 
Brown, Mining Engineer, Chief Inspector of the Mines of the Crown and 
of the Duchy of Cornwall. Crown Svo. cloth. ijusi Published. 3/6 

" As an outline is given of eveiy known coal-field in this and other countries, as well as of the 

principal methods of working, the book will doubtless interest a very large number of readers. — 

Mining journal. 

NOTES AND FORMULAE FOR MINING 5TUDENT5. 

By John Herman Merivale, M.A., Late Professor of Mining in the Durham 

College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 

Enlarged. By H. F. Bulman, A.M.Inst.C.E. Small crown Svo, cloth. 2/6 

"The author has done his work in a creditable manner, and has produced a book that will 

be of service to students and those who are practically engaged in mining operations."— En£^M€er. 

INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowes, D.Sc, Lond., 
F.I.C., Prof, of Chemistry in the University College, Nottingham. With a 
Chapter on The Detection and Measurement of Petroleum Vapour 
by BovERTON Redwood, F.R.S.E., Consulting Adviser to the Corporation 
of London under the Petroleum Acts. Crown 8vo, cloth. Net 5/0 

" Professor Clowes has given us a volume on a subject of much mdustrial importance . . . 
Those interested in these matters may be recommended to study this book, which is easy of compre- 
hension and contains many good things."— TA^ Engineer. 

'* A book that no mining engineer— certainly no coal miner— can afibrd to ignore or to leave 
\xnrea.d."— Mining youmal. 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams ot 
Coal, with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Meade. Svo, cloth . . £1 8s. 
" Of this book we may unreservedly say that it is the best of its class which we have ever 

met. ... A book of reference which no one engaged in the iron or coal trades should omit from 

his library."— /ro« and Coal Trades Review. 

ASBESTOS AND ASBESTIC. 

Their Properties, Occurrence, and Use. By Robert H. Jones, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy Svo, cloth. 

[Just Published. 16/0 

•* An interesting and uwaluable •wiox)t."— Colliery Guardian. 

GRANITES AND OUR GRANITE INDUSTRIES. 

By George F. Harris, F.G.S., Membre de la Soci6t6 Beige de G6ologie, 
Lecturer on Economic Geology at the Birkbeck Institution, &c. With Illus- 
trations. Crown Svo, cloth ' . . . 2/6 

" A dearly and well-written manual for petsons engaged or interested hi the granite industiy. " 
—Scotsman. 

TRAVERSE TABLES. 

For use in Mine Surveying. By W. Lintern, Mining Engineer. Crown 
.Svo, cloth. [Just Published. Net 3/0 
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ELECTRICITY, ELECTRICAL 
ENGINEERING, &c. 



SUBMARINE TELEQRAPHS. 

Their History, Construction, and Working. Founded in part on Wonschen- 
dorff's " Traits de Telegraphic Sous-Marine," and Compiled from Authorita- 
tive and Exclusive Sources. By Charles Bright, .F.R.S.E. Royal 8vo, 
780 pp., fully Illustrated, including Maps and Folding Plates. Net £3 Ss. 
" There are few, if any, persons more fitted to write a treatise on submarine tel^raphy than 
Mr. Charles Bright. The author has done his work admirably, and has written in a way which will 
appeal as much to the layman as to the engineer. This admirable volume must, for many years to 
come, hold the position of the English classic on submarine t^tgtKphy."— Engineer. 

" This book is full of information. It makes a book of reference which should be in every 
engineer's )ihtdxy."~Nature. 

'* Mr. Bright's interestii»^y written and admirably illustrated book will meet with a welcome 
reception from cable Taea."—£iectrician. 

" The author deals with his subject from all points of view— political and strategical as well as 
scientific. The work will be of interest, not only to men of science, but to the general public. We 
can strongly recommend it."— ^thenteum. 

DYNAMO ELECTRIC MACHINERY. 

Its Construction, Design, and Operation (Direct Current Machines). By 
Samuel Sheldon, A.M., Ph.D., assisted by H. Mason, B.S. Third 
Edition, Revised. Large crown 8vo, cloth. With 202 Illustrations. 

\Just Published. Net 12/0 

ALTERNATING CURRENT MACHINES, 

Being the Second Volume of Dynamo Electric Machinery. By Samuel 
Sheldon, A.M., Ph.D., and Hobart Mason, B.S. Large crown 8vo, cloth. 
With 184 Illu«;trations. \Just Published. Net 1 2/0 

THE ELECTRICAL ENQINEER'5 POCKET-BOOK. 

Consisting of Modem Rules, Formube, Tables, and Data. By H. R. Kempe, 
M.Inst.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of 
"A Handbook of Electrical Testing," " The Engineer's Year-Book," &c. 
Second Edition, thoroughly Revised, with Additions. With numerous Illus- 
trations. Royal 32mo, oblong, leather 6/0 

" It is the best book of its VxBk^"~~EUctrical Enginur. 

" The Electrical Engineer's Pocket-Book is a good one."— Electrician. 

" Strongly recommended to those engaged in the electrical iaiiastties."—EUctricalJievie'W 

ELECTRIC LIGHT FITTING. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 

Installation Management. By J. W. Urquhart, Electrician, Author of 

"Electric Light," &c. With numerous Illustrations. Third Edition, 

Revised, with Additions. Crown 8vo, cloth. [Just Publishsd. 5/0 

" This volume deals with what may be termed the mechanics of electric lighting, and is 

addressed to men who are already engaged in the work, or are training for it. The work traverses 

a great deal of ground, and may be read as a sequel to the same author's useful work on ' Electric 

L4ght. ' ' '—Electrician. 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhart, C.E. Sixth Edition, Revised, with Additions and 145 
Illustrations. Crown 8vo, cloth. [Just Published. 7 IS 

" The whole ground of electric lighting is more or less covered and explained in a very clear 
and concise maimex."— Electrical Reinew. 

"A vatU-mecum of the salient facts connected with the science of electric lighting."— 
Blectrician. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Constructors and Electricians- 
in-Charge. Embracing Framework Budding, Field Magnet and Armature 
Winding and Grouping, Compounding, &c. By J. W. Urquhart. Second 

Edition, Enlarged. Crown 8vo, cloth 7/6 

" Mr. Urquhart's book is the first one which deals with these matters in such a way that the 
engineering student can understand them. The book is very readable, and the author leads his 
r »ders up to difficult subjects by reasonably simple vests."— Engineering Review, 

Digitized by VnOOglC 
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THE MANAGEMENT OF DYNAM05. 

A Handy Book of Theory and Practice for the Use of Mechanics, Engineers, 
Students, and others in Charge of Dynamos. By G. W. Lummis-Patbrson. 
Second Edition, thorot^hly Revised and Enlarged. With numerous Illustra- 
tions. Crown 8vo, cloth. [fust Published. 4/6 
" An example which deserves to be taken as a model by other authors. The subject is treated 
In a manner which any intellig^ent man who is fit to be entrusted with chaise of an engine should 
be able to understand. It is a useful book to all who make, tend, or employ electric machinery." 
—Architect. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical 
Engineering. By T. O'Conor Sloanb, A.M., Ph.D. Third Edition, 
with Appendix. Crown 8vo, 680 pp., 390 Illustrations, cloth. 

\Juit Published. Net 7/6 
" The work has many attractive features In it, and is, beyond doubt, a well put togfether and 
useful publication. The amount of eround covered may be gathered from the fact that in the index 
about s,6oo references will be iovaiAJ'—BUdrical Review. 

ELECTRIC 5HIP-L10HTING. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Engineers-in-Charge. By J. W. Urquhart, C.E. Second Edition, Revised 
and Extended. 326 pp., with 88 Illustrations, Crown 8vo, cloth. 

[Just Published. 7/6 
"The subject of ship electric lighting is one of vast importance, and Mr. Urquhart is to be 
highly complimented for placing such a va&able work at the service of marine electricians."— r*«r 
Steamship. 

ELECTRIC LIGHT FOR COUNTRY H0U5E5. 

A Practical Handbook on the Erection and Running of Small Installations, 

with Particulars of the Cost of Plant and Working. By J. H. Knight. 

Third Edition, Revised. Crown 8vo, wrapper. [/«s^ Published. 1 /Q 

" The book contahis excellent advice and many practical hints for the help of those who wish 

to light their own bouses."— Builditt£' JVews. 

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.Inst C.E., M.Inst.E.E. Fourth Edition, 
Revised. With 16 Illustrations. Crown 8vo, cloth. i/ust Published. 1 /6 
" Any one who desires a short and thorouerhly clear exposition of the elementary principles of 
electric lighting cannot do better than read this uttfe 'wor\i."—Brad/ord Observer. 

DYNAMIC ELECTRICITY AND MAGNETISM. 

By Philip Atkinson, A.M., Ph.D., Author of "Elements of Static 
Electricity," &c. Crown 8vo, 4x7 pp., with 120 Illustrations, cloth . 10/6 

POWER TRANSMITTED BY ELECTRICITY 

And applied by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A.M., Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 94 Illustrations. Crown 8vo. cloth. 

[/usi Published. Net 9/0 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing numerous Illustrations and 
Detailed Instructions for Constructing a Small Dynamo to Produce the 
Electric Light. By Alfrkd Csofts. Sixth Edition, Revised and Enlarged. 
Crown 8vo, cloth. [Just Published. 2/0 

" The instructions given in this unpretentious little book are sufficiently clear and explicit to 

enable any amateur mechanic possessed of average skill and the usual tools to be found in an 

amateur's workshop to buUd a practical dynamo maciuM."—£UctriciaH. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F.R.S. Cheaper Edition. 650 pp., with 470 Illustrations. 
Crowr 8vo, cloth . . . . Q/Q 
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ARCHITECTURE, BUILDING, &c. 



PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Preparing for Examinations, and a Book of 
Reference for Persons Engaeed in Building;. By John Parnbll Allen, 
Surveyor, Lectturer on Building Construction at tne Durham College of 
Science, Newcastle-on-Tyne. Third Edition, Revised and Enlarged. 
Medium 8vo, 450 pp., with x,ooo Illustrations, cloth. [Just Published. 7/6 
" The most complete exposition of building construction we have seen. It contains all that is 

necessary to prepare students for the various examinatioBS in building construction."— if imW^ 

Newt. 

" The author depends nearly as much on his dlagframs as on his type. The pases suggest 

the hand of a man of experience m building operations— and the volume must be a Dlesstng to 

many teachers as well as to students."— 77k Architect. 

" The woric is sure to prove a formidable rival to great and small competitors alike, and 

bids fair to take a permanent place as a £avourite student's text-book. The la^e number of illus* 

trations deserve particular mention for the great merit they possess for purposes of reference in 

exactly corresponding to convenient 9CdliiB&."—yoMmalo/the Reyal Institute ^British Architects. 

PRACTICAL MASONRY. 

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting 

Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden* 

tives. Vaults, Tracery Windows, &c., &c. For the Use of Students, Masons, 

and other Workmen. Bv William R. Purchase, Building Inspector to the 

Borough of Hove. Third Edition, with Glossary of Terms. Royal 8 vo, 143 pp., 

with 52 Lithographic Plates, comprising nearly 400 separate Diagrams, 

cloth. \Jusi Published. 7/6 

"Mr. Purchase's 'Practical Masonrv ' will undoubtedly be found useful to all interested in 

this important subject, whether theoredcaUy or practically. Most of the examples given are from 

actual work carried out, the diagrams being carefiiUy drawn. The book is a practical treatise on 

the subject, the author himself having commenced as an operative mason, and afterwards acted as 

foreman mason on vaaxcv lai^e and important buildings prior to the attainment of his present 

position. It should be found of general utility to architectural students and others, as well as to 

those to whom it is specially addressed."— y^Mma/^/^ Royal Institute 0/ British Architects. 

MODERN PLUMBING, 5TEAM AND HOT WATER 

HEATING. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J . T. Lawler, Author of * ' American Sanitary Plumbing, " 
&c. With 284 Illustrations and Folding Plates. 4to, cloth. 

[Just Published. Net 21/- 

H EATING BY HOT WATER. 

With Information and Suggestions on the best Methods of Heating Public, 
Private and Horticultural Buildings. By Walter Jonbs. Second Edition. 

With 96 Illustrations, crown 8vo, cloth Utt 2/6 

"We confidently recommend all interested in heating by hot water to secure a copy of this 
valuable little treatise.^— The Plumber and Decorator, 

CONCRETE: IT5 NATURE AND U5E5. 

A Book for Architects, Builders, Contractors, and Clerks of Works. ^ By 
Gborgb L. Sutcliffb, A.R.I. B.A. 350 pp., with numerous Illustrations. 

Crown 8vo, cloth 7/6 

"The author treats a difficult subject in a lucid manner. The manual fills a long-felt gap. 
It is careful and exhaustive ; equally useful as a student's guide and an architect^ book of 
reference."— 7M<r»a/ of the Royal Institute 0/ British Architects. 

" There is room for this new boolc, which will probably be for some time the standard work 
on the subject for a builder's purpose."— GAwr^fW Herald, 

LOCKWOOD'5 BUILDER'5 PRICE BOOK for 190a. 

A Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. Re-constructed, Re-written, and 
Greatly Enlarged. By Francis T. W. Millbr. 800 closely-prmted pages, 

crown 8vo, cloth 4/0 

" This book is a verv useful one, and should find a place in every English office connected 
with the building and engineering professions."— /»<£Kx#nter. 
" An ezccdient book of reference."— <^fvMtec(L 

" In its new and revised form tliis Price Book is what a work of this Und should b 
bensive, reliable, well arranged, legible, and well bound. "—^rMrA Architect. 
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THE DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grbcian Architbcturb, by Joseph Gwilt, F.S.A- 
Revised and Edited by W. H. Leeds. 66 Plates, 4to, cloth . . 21 /O 

THE MECHANICS OF ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E. W. Tarn, M.A.. Author of ^ The Science of Buildmg," &c. Second 
E^tion, Enlarged. Illustrated with 135 Diagrams. Crown 8vo, cloth 7/6 
"The book is a very useful and helpftil manual of architectural mechanics."— ^M«V<&r. 

A HANDY BOOK OF VILLA ARCHITECTURE. 

Being; a Series of Designs for Villa Residences in various Styles. With 
Outlme Specifications and Estimates. By C. Wickes, Architect. 61 Plates, 

4to, half-morocco, gilt edges £1 Us. 6d. 

" The whole of the designs bear evidence of their being the work of an artistic architect, and 
they will prove very valuable and suggesdve."— Building' JVewt. 

THE ARCHITECT'S GUIDE. 

Being a Text-book of Useful Information for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c., &c By Frederick Rogers, Architect. 
Third Edition. Crown 8vo, cloth 3/6 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 

House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 

Ferguson. Second Edition, Enlarged. 8vo, boards .... 3/6 

" It is the most intelligible of the treatises on this ill-treated subject that I have met with." — 

E. INGRBSS BELL, ESQ., mthe R.J.B.A. journal, 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Young Student in Architectture. By George 
Pyne. 14 Plates, 4to, boards . . . . • ... 7/6 

MEASURING AND VALUING ARTIFICER'S WORK 

(The Student's Guide to the Practice of). Containing Directions for taking 
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by E. Dobson, Architect. With Additions 
by E. W. Tarn, M.A.. Seventh Edition, Revised. With 8 Plates and 
63 Woodcuts. Crown 8vo, cloth. [/ust Published. 7/6 

" This edition will be found the most complete treatise on the principles of measurit^ and 
valuing artificer's work that has yet been published,"— ^«»Zrf«n£'A^«i>j. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Siu-veyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Beaton. Ninth Edition. Waistcoat-pocket size, 

gilt edges 1/6 

*' No builder, architect, surveyor, or valuer should be without his * Beaton.' "—Building News. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modem Buildings. Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect, Third Edition, Revised. 8vo, 

cloth 16/0 

" The work is too well known to need any recommendation from us. It is one of the books 
with which every youns architect must be equipped."— -r4re*«tert. 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build. Alter, or Repair ? A Price Book or XJn- 

rfessional People as well as the Architectiu-al Surveyor and Builder. By 
D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. Fifth Edition, 
Carefully Revised. Crown 8vo, cloth. [/wJ^ Published. Net 3/6 

" In two years it will repay its cost a hundred times over."— Field. 
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SANITATION AND WATER SUPPLY. 



THE BACTERIAL PURIFICATION OF SEWAGE: 

Being a Practical Account of the Various Modern Biological Methods of 
Purifying Sewage. By Sidney Barwise, M.D. (Lond.), D.P.H. (Camb.), 
etc. With lo Page Plates and 2 Folding Diagrams. Royal 8vo, cloth. 

[/usi Published. Net 6/0 

THE PURIFICATION OF SEWAGE. 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical Application. By Sidney Barwise, M.D. (Lond.), M.R.C.S., 
D.P.H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health 
to the Derbyshire County Council. Crown 8vo, cloth. [Just Published. 5/0 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Suppl5r. By S. Ridbal, D.Sc. Lend., F.LC. Second 
Edition, Revised, with Additions, including numerous Illustrations and Tables. 
Large Crown 8vo, cloth. [/im^ Published. Net 9/0 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for Small Country Districts. By Allan Greenwkll, A.M.I.C.E., 
andW. T. Curry, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 5/0 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humber, A.M. Inst. C.E., and M.Inst. M.E. Imp. 410, half- 
bound morocco. (See page 11.) Net £6 68. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-W0RK3. 

By Professor W. K. Burton, A.M. Inst. C.E. Second Edition, Revised 
and Extended. Royal 8vo, cloth. (See page xo.) .... 25/0 

WATER ENGINEERING. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. C.E. 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charles Slagg, A. M. Inst. C.E. Crown 8vo, cloth . . . 3/0 

SANITARY ARRANGEMENT OF DWELLING-HOUSES. 

By A. J. Wallis-Tayler, A.M.Inst.C.E. Crown 8vo, cloth . . 2/6 

MODERN PLUMBING, HOT WATER HEATING, &c. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J. J. Lawler, Author of ' ' American Sanitary Plumbing,' 
&c. With 284 Illustrations and Folding Plates. 4to, cloth. 

{Just Published (see page 25). Net 21 / - 

PLUMBING. 

A Text-book to the Practice ot the Art or Craft of the Plumber. By W. P. 
BuCHAN, R.P. Ninth Edition, Enlarged. Crown 8vo, cloth . . 3/6 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Buildings. By W. P. 
BuCHAN, R.P. Crown 8vo, cloth 3/6 

THE HEALTH OFFICER'S POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical OflBcers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 
F. Willoughby, M.D. (Lond.), &c. Second Edition, Revised and Enlarged. 
Fcap. 8vo, leather. [Just Published^ C^fc ^ ^^® 
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CARPENTRY, TIMBER, &c. 



THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is^ added an Essay on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Buildmg ; also numerous Tables of the Scantlings of Timber for different 
purposes, the Specific Gravities of Materials, &c. By Thomas Tredgold, C. E. 
With an Appendix of Specimens of Various Roofs of Iron and Stone, Illus- 
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 
E. Wyndham Tarn,^ M.A., Author of "The Science of Building," &a 
With 6x Plates, Portrait of the Author, and several Woodcuts. In One large 

Vol., 4to, cloth 25/0 

" Oufht to be in every architect's and every builder's Uhxdiry."— 'Builder. 

"A work whose monumental excellence must commend it wherever skilful carpentry Is 

concerned. The author's principles are rather confirmed than impaired by time. The additional 

plates axe of great intrinsic value."— Building' Newt. 

WOODWORKING MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Management of Saw 

Mills and the Economical Conversion of Timber. Illustrated with Examples 

of Recent Designs by leading English, French, and American Engineers. By 

M. Powis Bale, A.M.Inst.C.E., M.I.M.E. Second Edition, Revised, 

with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 

" Mr. Bale is evidently an expert on the subject, and he has collected so much information 

that his book is all-sufficient for builders and others engaged in the conversion o{tAmher."—ArcAilect. 

"The most comprehensive compendium of wood- working machinery we have seen. The 

author is a thorough master of his subject."— Buiidint' News. 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 

Timber. By M. Powis Bale, A.M.Inst.C.E. Second Edition, Revised. 

Crown 8vo, cloth. [Just Published. 1 0/6 

" The tuintinistration of a large sawing establishment is discussed, and the subject examined 

from a financial standpoint. Hence the size, shape, order, and disposition of saw mills and the like 

are gone into in detail, and the course of the timber is traced from its reception to its delivery in its 

converted state. We could not desire a more complete or practical treatise."— ^M*:/labr. 

THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Petes 
Nicholson's standard work. A New Edition, Revised by Arthur Ashpitkl, 
F.S.A. Together with Practical Rules on Drawing, by George Pynb. 
With 74 Plates, 4to, cloth £1 1 •• 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. ^ By George 
CoLLiNGS. Second Edition, Revised and Enlarged^ to which is added 
A Treatise on Stair-building. With Plates and Diagrams . . 2/6 

•• Will be found of practical utility in the execution of this difficult branch ofjomierf."— Builder. 

" Almost every difficult phase of this somewhat intricate branch of joinery is elucidated by 
the aid of plates and explanatoiy letterpress."— FWrytt/Mtv GoMette. 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings. With Diagrams. Third Edition, xamo, doth . 2/d 

"An excellent example of what a book of this kind should be. Cheap in price, clear in 
definition, and practical to the examples selected."— ^«f/«fer. 

THE CABINET-MAKER'S GUIDE TO THE-ENTIRE 

CONSTRUCTION OP CABINET WORK. igitized byXn 
By Richard Bitmsad. Illustrated with Plans, Sections and Working 
Drawings. Crown 8vo, cloth. [Just Published. 2/6 
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HANDRAILINQ COMPLETE IN EIGHT LESSONS. 

On the Square-Cut Svstem. By J. S. Goli>thorp, Head of Buflding 
Department, Halifax Technical School. With Eight Plates and over 150 
Practical Exercises. 4to, cloth 3/6 



" Likely to be of considerable value to Joiners and others who take a pride in gfood work, 
rrangfement of the book is excellent. Wo *^ ^" ^ .. . . ^ ... 

Timber Trades younuU. 



The arrangfement of the book is excellent. We heartily commend it to teachers and students."— 



TIMBER MERCHANrS and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure 
ment of Deals and Battens, of all sizes, from One to a Thousand Pieces, and 
the relative Price that each size bears per Lineal Foot to any given Price per 
Petersburgh Standard Hundred ; the Price per Cube Foot of Square Timber 
to any given Price per Load of 50 Feet, &c., &c. By William Dowsing. 
Fourth Edition, Revised and Corrected. Crown 8vo, cloth . , . 3/0 
" We are ^ lad to see a fourth edition of these admirable tables, which for correctness and 
simplicity of arrangement leave nothing to be desired."— TYm^er Trades y<mmaL 

THE PRACTICAL TIMBER MERCHANT. 

A Guide for the Use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the Timber Trade, 
Maries of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 
"Contains much valuable information for timber merchants, builders, foresters, and all 
others connected with the growth, sale, and manufacture of \ixDbex."~yourmU qf Forestry. 

PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
inches square and upwards. By W. Richardson, Timber Broker. Third 

Edition. Oblong 4to, cloth . 3/6 

" Invaluable labour-saving taiYAK&."~Ir<mmoHger. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from x to soo inches in length hy x to zo8^ inches in breadth. 

For the use of Architects, Surveyors, Engineers, Timber Merchants, 

Builders, &c. By Jambs Hawkings. Fotirth Edition. Fcap., cloth . 3/6 

"A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of 

any surface of which the limits have been ascertained can be instantly determined. The book will 

be found of the greatest utility to all engaged in building operations. —5<a<rmaH. 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charles E. Curtis, 
F.S.I., Professor of Forestry, Field Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Second Edition, 
Revised. Crown 8vo, cloth. [Just Published. 3/6 

summary of contents : — prefatory remarks. — objects of planting.— 
Choice of a Forester.— Choice of Soil and site.— Laying Out of Land for 
PLANTATIONS.— Preparation of the Ground for Planting. —Drainage.— Plant- 
ing.— Distances AND Distribution of trees in plantations.— Trees and Ground 
Game.- Attention after planting.— Thinning of plantations —Pruning of 
Forest Trees.— Realization.— Methods of Sale.— Measurement of Timber.— 
measurement and Valuation of Larch Plantation.— Fire Lines.— Cost of 
planting. 

" Mr. Curtis has in the course of a series of short pithy chapters afforded much informa- 
tion of a useful and practical character on the planting and subsequent treatment of trees."— 
Illustrated CarpenUr and Builder. 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, cloth ... 1 0/O 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDER'S STANDARD QUIDB. 

Bv Richard E. Grandt. Comprising :— An Andvsis of Deal Standards, 
Home and Foreign, with Comparative Values and Tabular Arrangements for 
fixing Net Landed Cost on Baltic and North American Deals, including all 
intermediate Szpenses, Freight, Insurance, &c ; together with copious Informa* 
tion for the Retailer and Builder. Third Edition, xamo, cloth . 2/0 
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DECORATIVE ARTS, &c. 



SCHOOL OF PAINTING FOR THE IMITATION OF 

WOODS AND MARBLES. 

As Taught and Practised by A. R. Van dbr Burg and P. Van dbr Burg- 

Directors of the Rotterdam Painting Institution. Royal folio, xS) by ist^ in., 

Illustrated with 34 full-size Coloured Plates ; also 12 plain Plates, comprising 

154 Figures. Third Edition, cloth. [Just Published. £1 lis. 60. 

List of plates :— i. Various Tools Required for wood Painting.— 9, 3. Walnut : 

preliminary stages of graining and finished specimen.— 4. tools used for 

Marble Painting and method of Manipulation.— 5, 6. St. Remi Marble; 

EARLIER Operations and Finished Specimen. — 7. methods of sketching 

Different grains. Knots, &c.— 8, 9. Ash: preliminary Stages and Finished 

SPECIMEN.— xo. Methods of Sketching Marble Grains — h. zz. breche marble ; 

preliminary Stages of working and Finished Specimen.— 13. Maple ; Methods 

OF Producing the Different Grains.— 14, 15 Bird's-eye NIaple; Preliminary 

Stages and Finished Specimen.— x6. Methods of Sketching the Different 

Species of white Marble.— 17. x8. white Marble ; preliminary Stages of 

PROCESS AND FINISHED SPECIMEN.— X9. MAHOGANY; SPECIMENS OF VARIOUS GRAINS 
AND METHODS OF MANIPULATION. — ao, ax, MAHOGANY ; EARLIER STAGES AND 
FINISHED SPECIMEN.— aa, 33, 34. SlENNA MARBLE; VARIETIES OF GRAIN, PRELIMINARY 
STAGES AND FINISHED SPECIMEN.— aS, a6, 37. JUNIPER WOOD; METHODS OF PRO- 
DUCING GRAIN, &c. ; PRELIMINARY STAGES AND FINISHED SPECIMEN.— aS, ao, 30. VERT 
DE MER MARBLE; VARIETIES OF GRAIN AND METHODS OF WORKING, UNFINISHED 
AND FINISHED SPECIMENS.— 31, 39, 33. OAK ; VARIETIES OF GRAIN, TOOLS EMPLOYED 
AND METHODS OF MANIPULATION, PRELIMINARY STAGES AND FINISHED SPECIMEN.- 
34. 35. 36- WAULSORT MARBLE; VARIETIES OP GRAIN. UNFINISHED AND FINISHED 
SPECIMENS. 

" Those who desira to attain skill in the art of paintinsr woods and marbles will find advantas^ 
In consulting: this book. . . . Some of the Working Men's Qubs should give their young men 
the opportunity to study ^."—Builder. 

" A comprehensive guide to the art. The explanations of the processes, the manipulation 
and management of the colours, and the beautifully executed plates will not be the least valuaUe to 
the student who aims at making bis work a faithful transcript of naXun"—BuildiHg Ne»s. 

" Students and novices are fortunate who are able to become the possessors of so noble a 
woA."—Tke ArchUecL 



ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By Jambs W. Facbv. With numerous Illus- 
trations. In One Vol., strongly half-bound 6/0 

H0U5E PAINTING, QRAININQ, MARBLING, AND 

SIGN WRITING. 

A Practical Manual of. By Ellis A. Davidson. Eighth Edition. With 

Coloured Plates and Wood Engravings, xamo, cloth boards . . . 6/0 

"A mass of information of use to the amateur and of value to the practical maxi."—EMglish 



THE DECORATOR'5 ASSISTANT. 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 
Gilders, &c. Containing upwards of 600 Receipts, Rules, and Instructions ; 
ynth a variety of Information for General Work connected with every Class of 
Interior and Exterior Decorations, &c. Seventh Edition. 152 pp., cr. 8vo. 1 /Q 
" Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of 

larger treatises on colour and technical processes. It would be difficult to meet with a woik so fiill 

of varied infonnation on the painter's axxJ'Suildine News. 

MARBLE DECORATION 

And the Terminology of Britbh and Foreign Marbles. A Handbook for 
Students. By Gborgb H. Blagrovb, Author of " Shoring and its Appiica* 
tion,'' &c. With 28 Illustrations. Crown Svo, cloth .... 3/6 

" This most useful and much wanted handbook should be in the hands of every architect and 
builder."— J9Witf«f^ IVorU. 

"A carefully and usefully written treatise ; the work is essentially practical."— ^foirwiaw. 
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DELAMOTTE'8 WORKS ON ALPHABETS AND 
ILLUMINATION. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDI/EVAL. 

From the EigHth Century, with Numerals; including Gothic, Church-Text, 
large and small, German, Italian, Arabesque, Initials for Illumination, 
Monograms, Crosses, &c., &c., for the use of Architectural and Engineering 
Drau^tsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c., &c. Collected and Engraved by F. Dblamottb, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, oblong, 

ornamental boards 2/6 

" For those who insert enamelled sentences round gilded chalices, who blazon shop legends 

over shop-doors, who letter church walls with pithy sentences from the Decalc^fue, this book will be 

ViSiefaL"—j4thefueum, 

MODERN ALPHABETS, PLAIN AND ORNAMENTAU 

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing^ Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Origmal Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. Collected and Engraved by F. Dblamotte, and printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornamentsQ boards . 2/6 
" There is comprised in it every possible shape into which the letters of the alphabet and 

numerals can be formed, and the talent which has been expended in the conception of the various 

plain and ornamental letters is yronder{uL"—Siandard. 

MEDIAEVAL ALPHABETS AND INITIALS FOR 

ILLUMINATORS. 

By F. G. Delamotte. Containing 21 Plates and Illuminated Title, printed 

in Gold and Colours. With an Introduction by J. Willis Brooks. Fourth 

and Cheaper Edition. Small 4to, ornamental boards .... 4/0 

"A volume in which the letters of the alphabet come forth glorified in gilding and all the 

colours of the prism interwoven and intertwined and intermingled. "—.Smm. 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 
printed in Gold and Colours. By F. Delamotte. New and Cheaper 

Edition. Small 4to, ornamental boards 6/0 

" The examples of ancient MSS. reapmmended to the student, which, with much good sense, 
the author chooses from collections accessible to all, are selected with judgment and knowledge as 

THE EMBROIDERER'S BOOK OP DESIGN. 

Containing Initials. Emblems, Cyphers, Monograms, Ornamental Borders. 
Ecclesiastical Devices, Mediaeval and Modern Alphabets, and National 
Emblems. Collected by F. Delamotte, and printed n Colours. Oblong 

royal 8vo, ornamental wrapper 1/6 

" The book will be of s^reat assistance to ladies and young children who are endowed with 
the art of plying the needle in this most ornamental and useful pretty work."— East A H£-tiaM Tinus. 



INSTRUCTIONS IN WOOD-CARVINO FOR AMATEURS. 

With Hints on Design. By A Lady. With 10 Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt from * A 
Lady's ' publication."— ^/A^n^xm. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including 
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth 
Edition. Crown 8vo, cloth 5/0 

*♦♦ Adopted as a Prize Book at South KensingUm. 

" Much may be learned, even by those who fancy they do not require to be 

careful perusal of ihii unpretending but comprehensive treatiiie. '—ArtyoumaL 
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NATURAL SCIENCE, &c. 



THE VISIBLE UNIVERSE. 

Chapters on the Oriein and Construction of the Heavelis. By J. E. GoRR, 
F.R. A.S., Author of ^' Star Groups," &c. Illustrated by 6 Stellar Photographs 

and IS Plates. Demy 8vo, cloth 1 6/0 

" A valuable and lucid sununazy of recent astronomical theory, rendered more valuable and 
attractive by a series of stellar pbotoi^phs and other illustrations."— /%< Times. 

" In presenting: a clear and condse account of the present state of our knowledge Mr. Gore 
has made a valuable addition to the literature of the subject."— Mc/Mtv. 

"Mr. Gore's ' Visible Universe ' is one of the finest works on astronomical science that have 
recently appeared in our lang^uage. In spirit and in method it is scientific from cover to cover, but 
the style is so clear and attractive that it will be as acceptable and as readable to those who make 
no scientific pretensions as to those who devote themselves specially to matters astronomicaL"— 
Leeds Mercwiry. 

STAR GROUPS. 

A Student's Guide to the Constellations. By J. Ellard Gorb, F.R.A.S., 
M.R.I.A., &c., Author of "The Visible Universe," "The Scenery of the 

Heavens," &c. With 30 Maps. Small 4to, cloth 5/0 

" The volume contains thirty maps showing stars of the sixth magnitude— the usual naked-eye 
limit— and each is accompanied by a brief commentary adapted to facilitate recognition and bring 
to notice objects of special mterest. For the purpose of a preliminary survey of the 'midnight 
. ,..^. ^ ..., ,j. ,-- "^"r than a - ' -^' • 



pomp ' of the heavens nothing could be better than a set of delineations averaging scarcely twenty 
square inches in area and including nothing that cannot at once be identified."— ^a/wrobi^ Review. 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Objects. By J. Ellard Gore, 
F.R.A.S., Author of " The Visible Universe," &c Small crown 8vo, cloth. 

2/6 

"A very useful little work for banners in astronomy, and not to be despised by more 
advanced students."— rA« Times. 

" A very handy book . . . the utility of which is much increased by Its valuable tables of 
astronomical datai."— A thenaum. 

THE MICROSCOPE. 

Its Construction and Management. Including Technique, Photo-micrc^aphy, 
and the Past and Future of the Microscope. By Dr. Henri van Hburck. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by Wynne E. Baxter, F.G.S. 40c pp., with upwards of 250 Woodcuts, 
imp. 8vo, cloth 1 8/0 

" A translation of a well-known work, at once popular and comprehensive."— 7V*WM. 

" The translation is as felicitous as it is accurate.^— JVo/mt^. 

ASTRONOMY. 

By the late Rev. Robert Main, M.A., F.R.S. Third Edition, Revised by 
William Thynne Lynn, B.A., F.R.A,S., formerly of the Ro3ral Observatory, 

Greenwich. i2mo, cloth 2/0 

"A sound and simple treatise, very carefully edited, and a capital book for b^^nnets."— 
/Tnowledi^e. 

"Accurately brought down to the requirements of the present time by Mr. Lynn.'*— 
Educational Times. 

A MANUAL OF THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Recent and Fossil Conchological 
Discoveries, by Ralph Tate^ A.L.S., F.G.S. With 23 Plates and 
upwards of 300 Woodcuts. Repnnt of Fourth Edition (z88o). Crown 8vo, 

cloth 7/6 

" A most valuable storehouse of conchological and greological information."— ^cdlewce Gossip. 

THE TWIN RECORDS OF CREATION. 

Or, Geoloey and Genesis, their Perfect Harmony and Wonderful Concord. 

By G. W. V. LE Vaux. 8vo, cloth 6/0 

fkm -.!l^!!?!i^^.u°"*^^**°" '?^'*** eirldepces of Revelation, and disposes very coochisiTely of 
2yarS?iiSSSy"£!eS*SSi^s^^ no »ai difficulty is 
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HANDBOOK OF MECHANICS. 

By Dr. Lardnbr. Enlarged and re-written by Benjamin Loewt, F.R.A.S. 
378 Illustrations. Post 8vo, cloth 6/0 



have been replaced by others of more modem character. The explanations throughout are 
studiously popular, and care has been taken to show the applicarion of the various braiiches of 
physics to tne industrial arts, and to the practical business of liie."— AftHtMf yeumal. 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

By Dr. Lardner. New Edition, Revised and Enlarged by Benjamin Lobwy. 
F.R.A.S. With 236 Illustrations. Post Svo, cloth .... 5/0 
" For those ' who desire to attain an accurate knowledg^e of physical science without the 
profound methods of mathematical investigation,' this work is well adapted."— CAfmtMt/ News. 

HANDBOOK OF HEAT. 

By Dr. Lardner. Edited and re-written by Benjamin Loewv, F.R.A.S., &c. 

Z17 Illustrations. Post Svo, cloth 6/0 

" The style is always clear and precise, and convejrs instruction without leaving any cloudiness 
or lurking doubts ixAaxia."—Engrineering. 

HANDBOOK OF OPTICS. 

Bjr Dr. Lardner. New Edition. Edited by T. Olver Harding, B. A. Lond. 

With 298 Illustrations. Small Svo, 448 pp., cloth 5/0 

" Written by one of the ablest English scientific writers, beautifully and el aborately illustrated. 
—Mechanics' Maga»ine. 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

By Dr. Lardner. Edited by Geo. Carey Foster, B.A., F.C.S. With 

400 Illustrations. Small Svo, cloth 6/0 

" The book could not have been entrusted to any one better calculated to preserve the terse 
and lucid style of Lardner, while correcting his errors and bringing up his work to the present 
state of scientific knowledge."— Ai^/ar Science Review. 

HANDBOOK OF ASTRONOMY. 

By Dr. Lardner. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 

xoo Woodcuts. Svo, cloth 9/6 

" Probably no other book contains the same amount of information in so compendious and 
well arranged a form— certainly none at the price at which this is offered to the public."— ^MMM«Mm. 
" We can do no other than pronounce this work a most valuable manual of astronomy, and 
we strongly recommend it to all who wish to acquire a general— but at the same time correct- 
acquaintance with this sublime science."— j^Mar^l^r^ youmal ^Science. 

MU5EUM OF SCIENCE AND ART. 

Exlited by Dr. Lardner. With upwards of x,aoo Engravings on Wood. In 
Six Double Volumes, £1 1 «. in a new and elegant cloth binding ; or hand • 

somely bound in half-morocco £1 lis. 6d. 

" A cheap and interesting publication, alike informing and attractive. The papers combine 
subjects of imporunce and great scientific knowledge, considerable inductive powers, and a popular 
style of treatment."— .^tfteAT. 

StparaU books formtd from the above. 



Common Things Explained. 
The Microscope. 25. cloth. 
Popular Qeoloflry. as. 6d. cloth. 
Popular Physics. 35. 6d. cloth. 



Steam and its Uses. as. cloth. 
Popular Astronomy. 4s. 6d. cloth. 
The Bee and White Ants. as. cloth. 
The Electric Telegraph, is. 6d. 



NATURAL PHILOSOPHY FOR SCHOOLS. 

By Dr. Lardner. Fcap. Svo 3/6 

"A very convenient class book for Junior students in private schools."— British Quarterly 
Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. 

By Dr. Lardner. Fcap. Svo 3/6 

** Clearly written, well arranged, and excellently illustrated."— Can^M^r'x Chronicle. 

THE ELECTRIC TELEGRAPH. 

By Dr. Lardner. Revised by £. B. Bright, F.R.A.S. Fcap. Svo. . 2/6 
" One of the most readable books extant on the Electric Telegraph."— ^M^f'/irA Mechanic. 
L. C 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, &c. 



THE aA5 ENGINEER'S POCKET-BOOIC. 

Comprising Tables, Notes and Memoranda relating to the Manufacture, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'Connor, A.M.Inst.C.£. Second Edition, Revised. 470 pp .crown 8vo, 
fully Illustrated, leather. [Just Published. 10/6 

" The book contains a vast amount of information. The author eoes consecutively throug^h 

the engineering details and practical methods involved in each of the different processes or parts 

of a gas-works. He has certainly succeeded in making a compilation of hard matters of fact 

absolutely interesting to read." — Gas World. 

" A useful work of reference for the gas engineer and all interested in lighting or heating by 

gas, while the analyses of the various descriptions of gas will be of value to the technical chemist. 

All matter in any way connected with the manufacture and use of gas is dealt with. The book has 

evidently been caremlly compiled, and certainly constitutes a useful addition to gas literature."— 

Builder. 

"The volume contains a great quantity of specialised information, compiled, we believe, from 

trustworthy sources, which should make it of considerable value to those for whom it is specifically 

produced. — Engineer. 

LIQHTINQ BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M.E. 
With 66 Illustrations. Crown 8vo, cloth. [ Just Published, 7/6 

ENQINEERINQ CHEM15TRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters^ Iron Founders, Students and others. Comprisinp^ Methods of Analjrsis 
and Valuation of the Principal Materials used in Engmeering Work, with 
Analyses, Examples and Suggestions. By H. J. Phillips, F.I.C, F.C.S. 
Third Edition, Revised and Enlarged. Crown 8vo, 420 pp., with Plates and 
other Illustrations, cloth. \Just Published. Net 1 0/6 

" In this work the author has rendered no small service to a numerous body of practical 
men. . . . The analytical methods may be pronounced most satisfectorv. beinir as accurate as the 
despatch required of engineering chemists permits."— CA^mtca/ News. 

" Full of good things. As a handbook of technical analysis, it is ve 

" The aiulytical methods given are, as a whole, such as are likely to give rapid and trust- 



" Full of good things. As a handbook of technical analysis, it is very welcome."— ^fl«^/«^. 
" The aiulytical methods given are, as a whole, such as are likeiy to give rapid and trus 
worthy results in experienced hands. . . . There is much excellent descriptive matter in the work. 



the chapter on ' Oils and Lubrication being specially noticeable in this respect."— ^m^mmt. 

N ITR0-EXPL05IVE5, 

A Practical Treatise concerning the Properties, Mantifacture, and Analysis 

of Nitrated Substances, including the Fulminates, Smokeless Powders, and 

Celluloid. By P. G. Sanpord, F. I.C, Consulting Chemist to the Cotton Powder 

Company, &c. With Illustrations. Crown 8vo, cloth. \Juit Publishtd. 9/0 

" Any one having the requisite apparatus and materials could make nltro-glycerine or gun. 

conon, to say nothing of other explosives, by the aid of the instructions in this volume. This is 

one of the very few text-books in which can be found just what is wanted. Mr. Sanfbrd goes 

through the whole list of explosives commonly used, names any given explosive, and tells us of what 

it is composed and how it is manufactured. The book is excellent throughout,"— Enginetr. 

A HANDBOOK ON MODERN EXPL051VE5. 

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton, 
Nitro-Glycerine and other Explosive Compounds, including Collodion>Cotton. 
With Chapters on Explosives in Practical Application. By M. Eisslbr, 
Mining Engineer and Metallurgical Chemist. Second Edition, Enlareed. 
With 150 Illustrations. Crown 8vo, cloth. [Just Published. 1 2/6 

" Useful not only to the miner, but also to officers of both services to whom blasting and the 
ube of explosives generally may at any time become a necessary auxiliary."— AWMt'c. 

DANGEROUS Q00D5. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom, together with the Government 
and Railway Classifications, Acts of Parliament, &c. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, Insurance Companies 
and Manufacturers, and Users of Explosives and Dangerous Goods. By 
H. Joshua Phillips, F.I.C, F.C.S. i^own 8vo, 374 pp., cloth . . 9/0 
•• Merits a wide ciiculatkm, and aa intelligent, appradative stud^.'-CMemieal iVnw. 



CHEMICAL MANUFACTURES, CHEMISTRY, S-c. 35 
A MANUAL OF THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleachinz 
Powder. By John LoMiis, AlkaJi Manufacturer, Newcastle-upon-Tyne and 
London. 390 pp. of Text. With 233 Illustrations and Working Drawings, 
Second Edition, with Additions. Super-royal 8vo, cloth . £1 1 C&, 

" This book is written by a manufacturer for manu^Kturers. The worldnff details of the most 
api^oved forms of apparatus are giren, and these are accompanied by no less than 332 wood 
engravings, all of which may be used for the purposes of construction. Every step in the manu- 
facture is veiy fully described in this manual, and each improvement explained. —A t/unaum. 

" We nnd not merely a sound and luminous explanation of the chemical principles of the 
trade, but a notice of numerous matters which have a most important bearing on the succes^ul 
conduct of allcali works, but which are generally overlooked l^ even experienced technological 
authors."— CAemiIca/ Review, 

THE BLOWPIPE IN CHEMI5TRY, MINERALOGY, AND 
GEOLOGY. 

Containing all known Methods of Anhydrous Analysis, manv Working 
Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. With 120 Illustrations. Second Edition, Enlarged, 

'^ ' ' ' . 6/C 



Crown 8vo, cloth fi/Q 

** The student who goes conscientiously through the course of exp< 
will gain a better insight into inorganic chenustryfand mineralogy than ii 



" The student who goes conscientiously through the course of experimentation here laid down 
-„ lin a better insight into inorganic chenustryfand mineralogy than if he had * got up ' any of tl 
best text-books of the day, and passed any number of examinations in their contents."— CA«;»('c 



News. 

THE MANUAL OF COLOURS AND DYE-WARES. 

Their Properties, Applications, Valuations, Impurities and Sophistications. 

For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. 

Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/6 

" A complete encyclopaedia of the materia titutoria. The information ^ven respecting each 

article b full and precise, and the methods of determining the value of articles such as these, so 

liable to sophistication, are given with clearness, and are practical as well as valuable."— CA/mij/ 

and Drwvist. 

" There is no other work which covers precisely the same ground. To students preparing 
for examinations in dyobig and printing it will prove exceedingly useful."— CA<m*c»/ News. 

A HANDY BOOK FOR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 

Conclusions of Modem Research which bear upon the Practice of Brewing. 

By Herbert Edwards Wright, M.A. Second Edition, Enlarged. Crown 

8vo, 530 pp., cloth. [Just Published. 1 2/6 

" May be consulted with advantage by the student who is preparing himself for examinational 

tests, while the scientific brewer will find in it a rdsumd oi all the most important discoveries'of 

modem times. The work is written throughout in a clear and concise manner, and the author 

takes great care to discriminate between vague theories and well-established facts."— Brewers' 

journal. 

" We have great pleasure in recotnmencUng this handy book, and have no hesitation in saying 
that it is one of the best— if not the best— which has yet been written on the subject of beer-brewing 
in this country ; it should have a place on the shelves of every brewer's lihtary."— Brewers' 
Guardian. 

" Although the requirements of the student are primarily considered, an acquaintance of half- 
an-hour's duration cannot fail to impress the practical brewer with the sense of having found a 
trustworthy guide and practical counsellor in brewery matters."— CA<mM»/ Trade y«urneU. 

FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 

H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 

G.E. Rlwy. Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0 

" Oug^t to have its place in the laboratory of every metallurgical establishment and wherever 

fuel is used on a large scafa. "—Chemital Afew s. 

THE ARTISTS' MANUAL OF PIGMENTS. 

Showing their Composition, Conditions of Permanency, N on- Permanency, and 

Adulterations ; Eflfects in Combination with Each Other and with Vehicles ; 

and the most Reliable Tests of Purity. By H. C. Standagb. Crown 8vo. 2/6 

" This work is indeed multum-iM-farvc, and we can, with good conscience, recommend it to 

all who come in contact with pigments, whether as makers, dealers, or users." — Chemical Review. 
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A POCKET-BOOK OF MENSURATION AND QAUQINQ. 

Containing Tables. Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. z8mo, leather 4./O 

*' This handy and aseftil book is adapted to the requirements of the Inland Revenue Depart- 
nie&t, and will be a favourite book of rafetence."— C^viiSunt. 

" Should be in the hands of eveiy practical btewer."— ^fvnwrx' youmal. 



INDUSTRIAL ARTS, TRADES, AND 
MANUFACTURES. 



TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 

Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 

A. J. Wallis-Tavler, A. M. Inst. C.£. Medium 8vo, 468 pp. With azB 

Illustrations. [Just Published, Net 26/0 

summary of contents : — mechanical cultivation or tillage of the 

soil.— plucking or gathering the leaf.— tea facl ories.— the dressing, 

manufacture, or preparation of tea by mechanical means.— artificial 

withering of the leaf.— machines for rolling or curling the leaf.— 

Fermenting Process.- Machines for the automatic Drying or Firing of thb 

leaf.— machines for non-automatic drying or firing of the leaf.- drying 

OR Firing Machines.— Breaking or Cutting, and sorting Machines.— Packing 

THE Tea.— Means of transport on tea Plantations.— Miscellaneous Machinery 

AND Apparatus.— Final Treatment of the Tea.- Tables and Memoranda. 

"The subject of tea machinery is now one of the first interest to a large class of people, to 
whom we strongly commend the vo\\xtm."— Chamber 0/ Commerce youmal, 

""When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is almost universal. This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description of the processes best 
carried out by this machineiy."— y*«rMa/ Society o/Arts. 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Fribdrich Kick, Imperial 
Regierun^srath, Professor of Mechanical Technology in the Imperial German 
Polytechnic Institute, Prague. Translated from the Second Enlarged and 
Revised Edition with Supplement. By H. H. P. Powles, Assoc. Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding 
Plates, and 167 Woodcute. Royal 8vo, cloth £1 5 s, 

" This valuable work is, and will remain, the standard authority on the science of milling. . . . 
The miller who has read and digested this work will have laid the foundation, so to speak, of a 
successful career ; he will have acquired a number of general principles which he can proceed to 
apply. In this handsome volume we at last have the accepted text-book of modem miOii^ in good, 
sound English, which has little, if any, trace of the German idiom."— rA< Miller. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives Overlookers, and Manufacturers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cloth . 7/6 

" A distinct advance in the literature of cotton manufacture."— J/<KA*M«ry. 

" It is thoroughly reliable, fulfilling nearly all the requirements iMAxtA."^Giaseffm Herald. 

MODERN CYCLES. 

A Practical Handbook on their Construction and Repair. By A. J. Wallis* 
Tavler, a. M. Inst. C. E. Author of " Refrigerating Machinery," &c. With 
upwards of 300 Illustrations. Crown 8vo, cloth. \Juit Publtsfud. 1 0/6 

" The large trade that is done in the component parts of bicycles has placed in the way of 
men mechanically faiclined eztraordmary facilities for building bicycles for their own use. . . . The 
book will prove a valuable guide for all those who aspire to the manufacture or repair of their own 
machines.-^ rA« /?if/rf. *^ ll^r\n 

"A most comprehensive and up-to-date treatise."— r*/ Cycle, igitized by VjUVJ^ 
a very useful book, which is quite entitled to rank as a standard work for studerits of cycle 
const ruction. ''-.ff7Me/«V> 
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CBMBNT5, PA5TB5, QLUB5, AND QUM5. 

A Practical Guide to the Manufactore and Application of the various Aggluti- 
nants required in the Building. Metal- Working, Wood-Working, and L<»ther- 
Working Trades, and for Workshop, Laboratory or Office Use. With upwards 
of 900 Recipes and Formulae By H. C. Standagb, Chemist. Third Edition. 
Crown 8vo, cloth. [Just Publisfud. 2/0 

"We have pleasure in speakingf favourably of this yolume. So for as we have had 
experience, which Is not incondaerable, this manual is trustworthy."— ^|A«m«m«». 

"As a revelation of what are considered trade secrets, this book will arouse an amount of 
curiosity amoi^ the large number of industries it touches."— Z)a*7y ChronicU. 

THB ART OF SOAP-MAKINQ, 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. ^ By Alx. Watt. Sixth Edition, including an 
Appendix on Modem Candlemaking. Crown 8vo, cloth. 

[Just Published, 7/6 
"The work will prove very useful, not merely to the technological student, but to the 
practical soap boiler who wishes to understand the theory of his dJt."— Chemical News. 

" A thorougrhly practical treatise on an art which has almost no literature in our langnage. 
We congratulate the author on the success of his endeavour to fill a void in English technical 
Hterature. "—Nature. 



A Manual for Paper-Makers and Owners and Managers of Paper-Mills. With 
Tables, Calculations, &c. By G. Clappbrton, Paper-Maker. With Illus- 
trations of Fibres from Micro-Fhotographs. Crown 8vo, cloth . 0/0 



PRACTICAL PAPER-MAKINQ 

A Manual for Paper-Makers and Ownei 
Tables, Calculations, &c. By G. Cl/ 
trations of Fibres from Micro-Fhotogra] 
" The author caters for the requirements of responsible mUl hands, apprentices, &c., whilst 
his manual will be found ofgreat service to students of technol<%y, as weU as to veteran paper- 
makers and mill owners. 'Hie illustrations form an excellent feature."— TAe IVorld 's Paper Trad* 
Review. 

"We recommend everybody interested in the trade to get a copy of this thoroughly practical 
hook."— Paper Making^. 

THB ART OF PAPBR-MAKINQ. 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 
Wood Fibre, with a Description of the Machinery and Appliances used. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Albxandbr Watt, Author of " The Art of Soap-Making." With Illus- 

trations. Crown Svo, cloth 7/6 

"It may be regarded as the standard work on the subject. The book Is full of valuable 
information. The ' Art of Paper-Making ' is in every respect a model of a text-book, either for a 
technical class, or for the private student —/Vi/tfr and Printing Trades yeumal. 

A TREATISB ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy Svo, cloth. 

[Just Published, 3/6 

THB ART OF LEATHER MANUFACTURE. 

Being a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dressuig are fully Described, and the Principles of Tanning 
Explained, and many Recent Processes Introduced ; as also Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling. Gut 
Dressing, &c. By Alexander Watt, Author of " Soap-Making, &c. 

Fotuth Edition. Crown Svo, cloth 9/0 

" A sound, comprehensive treatise on tanning and its accessories. The book is an eminently 

valuable production, which redounds to the credit of both author and publishers."— CA«m^k»^ 

Review. 

THB ART OF BOOT AND SHOE MAKING. 

A Practical Handbook, including Measurement, Last- Fitting, Cutting-Out, 
Closing and Making, with a Description of the most approved Machinery 
Employed. By John B. Lend, late Editor of S^ Crispin^ and Tfu Boot eind 
Shoi-Maktr. zamo, cloth ^ . « 2/0 

Digitized by LnOOgLC 
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WOOD BNQRAVINQ. 

A Practical and Easy Introduction to the Study of the Art. By W. N. Brown. 

z2mo, cloth "ilQ 

"The book is clear and complete, and will be useful to any one wanting to understand the 
fiist elements of the beautiful art of wood eagrsving."— Graphic. 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibr, ex-Director of the School 
of Horology at Macon, by Julien Tripplin, F.R.A.S., Besancon Watch 
Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With 
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second 
Edition. Super-royal 8vo, cloth, £2 28. ; half-calf . . £2 1 0s. 

" There is no horological work in the English language at all to be compared to. this produc- 
tion of M. Saunier's for clearness and completeness. It is alike good as a guide for the student and 
as a reference for the experienced horologist and skilled workman."— Horological journal. 

" The latest, the most complete, and the most reliable of those literary procfuctions to which 
continental watchmakers are indebted for the mechanical superiority over their English brethren 
—in fact, the Book of Books, is M. Saunier's ' Treatise.'"— ff^atchmaJker, jeweller, and Siiversmith. 

THE WATCH ADJUSTER'S MANUAL- 

A Practical Guide for the Watch and Chronometer Adjuster in Making, 
Springing, Timing and Adjusting for Isocbronism, Positions and Temperatures. 
By C. E. Fritts. 370 pp., with Illustraticms, 8vo, cloth . . 16/0 

THE WATCHMAKER'S HANDBOOK. 

Intended a^ a Workshop Companion for those engaged in Watchmaking and 
the Allied Mechanical Arts. Translated from the French of Claudius 
Saunier, and enlarged by Julien Tripplin, F.R.A.S., and Edward 
Rigg, M.A., Assayer m the Royal Mint. Third Edition. 8vo, cloth. 9/0 
Each part is truly a treatise in itself. The arrangement is good and the language is clear 



and concise. It is an admirable guide for the young yr3X.ciaaakex."—Engin€erin£. 

" It is impossible to speak too highly of its excellence. It fulfils every requirement in a 
handbook intended for the use of a workman. Should be found in every workshop. —ffbftrA and 
ClockfHoker. 

A HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By James F. Kendal, M.B.H. Inst. Boards, 1/6; or cloth, gilt . 2/6 
"The best which has yet appeared on this subject in the English XajagaAg^."— Industries. 
" Open the book where you may, there is interesting matter in it concerning the ingenioiK 
devices of the ancient or modem horologer."— Sa/wraiixy Review. 

ELECTRO-DEPOSITION. 

A Practical Treatise on the Electrolysis of Gold, Silver, Copper, Nickel, and 
other Metals and Alloys. With Descriptions of Voltaic Batteries, Magneto 
and Dynamo-Electric Machines, Thermopiles, and of the Materials and 
Processes used in every Department. of the Art, and several Chapters on 
Electro-Metallurgy. By Alexander Watt, Author of "Electro- 
Mctallurgy," &c. Third Edition, Revised. Crown 8vo, cloth . . 9/0 
"Eminently a book for the practical worker in electro-deposition. It contains practical 

descriptions of methods, processes and materials, as actually pursued and used in the workshop."— 

Engineer. 

ELECTRO-METALLURGY. 

Practically Treated. By Alexander Watt. Tenth Edition, including the 

most recent Processes. i2mo, cloth 8/6 

" From this book both amateur and artisan may learn everything necessary for the successful 
prosecution of electroplating, "—/rvn. 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years' Workshop Practice. By George E. Gee, Author of " The 
Goldsmith's Handbook," &c. Crown 8vo, cloth • -..-C- • 7/6 

i,»«H Jl^u?^!*^ °^ technical education Is apparently destined to Se^a ^ua&e anxlliaiy to a 

handicraft which Is certainly capable of great fanpiovemenf— 7%« Times. 
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ELECTROPLATINQ. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c., &c. By J. W. Urquhart, C.E. Fourth 
Edition, Revised. Crown 8vo, cloth. [/usi Published. 6/0 

" An excellent practical XDBxmx^"— Engineering. 

" An excellent work, givingf the newest information."— Artfro/dSfias/ youmal. 

ELECTROTYPINQ. 

The Reproduction and Multiplication of Printing Surfaces and Works of Art 
by the Electro-Deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 

cloth 5/0 

" The book is thorougfaly practical ; the reader is, therefore, conducted throug:h the leading 

laws of electricity, then through the metals used by electrotypers, the apparatus, and the depositing 

processes, up to the final preparation of the work."— ^rT JoumeU. 

aOLDSMITH'5 HANDBOOK. 

By Gborgb E. Gee, Jeweller, &c. Fifth Edition, xamo, cloth . . 3/0 
"A good, sound educator, and «dll be generally accepted as an authority."— ^0r«/;eirK"' 
youmaU 

SILVERSMITH'S HANDBOOK. 

By George E. Gee, Jeweller, &c. Third Edition, with numerous Illustra* 
tions. xamo, cloth S/O 

"The chief merit of the work is its practical character. . . . The workers in the trade will 
speedily discover its merits when they sit down to study it."— English Mechanic. 

♦♦* Th* above two works together, strongly half-bound, price 7s. 

5HEET METAL WORKER'S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
(Workers. By Reuben Henry Warn. New Edition, Revised and 



Tin-Plate 

greatly E „ . . 

with 430 Illustrations, cloth. [Just Published, 



greatly Enlarged by Joseph G. Horner, A.M.I.M.E. Crown 8vo, 354 pp.. 



BREAD & BISCUIT BAKER'S & SUQAR-BOILER'S 

ASSISTANT. 

Including a large variety of Modern Recipes. With Remarks on the Art of 

Bread-making. By Robert Wells. Third Edition. Crown 8vo, cloth . 2/0 

" A large number of wrinkles for the ordinary cook, as well as the haket."—Saturday Xetnrw. 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 
Use. By R. Wells, Author of " The Bread and Biscuit Baker." Crown 8vo, 

oloth 2/0 

" We cannot speak too highly of this really excellent work. In these days of keen competition 
our readers cannot do better than purchase this hook."— Sahers' Times. 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of 

Modem Recipes, and Remarks on Decorative and Coloured Work. With 120 

Original Designs. By Robert Wells. Second Edition. Crown 8vo . 5/0 

" A yaluable work, practical, and should be in the hands of every baker and confectioner. 

The illtistrative designs are alone worth treble the amount charged for the whole work."— ^oAerr' 

Times. 

THE MODERN FLOUR CONFECTIONER, WHOLESALE 

AND RETAIL. 

Containing a large Collection of Recipes or Cheap Cakes, Biscuits, &c. With 
remarks on the Ingredients Used in Uieir Manufacture. By Robert Wells, 
Author of " The Bread and Biscuit Baker," &c. Crown 8vo, cloth . 2/0 
The work is of a decidedly practical character, and in every recipe regard is had to economical 
~ ish Daily Mail. 



."—North British DaUy Mail. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'CoNOR Sloanb, A.M., 
Ph.D. With numerous Illustrations. Square 8vo, cloth ^rVrArrf^fi'O 

)igiti: 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 
Editor of " Work " (New Series), Author of " Lathe Work," " Milling Machines," &c. 
Crown 8vo, 144 pp., price is. each. 
These Handybooks have been written to supply information for Workmen, 
Students, and Amateurs in the several Handicrafts, on the actual Practice of 
the Workshop, and are intended to convey in plain language Technical Know- 
ledge of the several Crafts. In describing the processes employed, and the mampu- 
lotion of material, workshop terms are used ; workshop practice is fully explained ; 
and the text is freely illustrated with drawings of modem tools, appliances^ and 
processes. 

THE METAL TURNER'5 HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With over 100 Illus- 
trations I/O 

" The book will be of service alike to the amateur and the artisan turner. It displays 
thorough knowledge of the sub}ect."-'Sc0tsma». 

THE WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over 100 Illustrations. 

1/0 

" We recommend the book to young turners and amateurs. A multitude of workmen have 
hitherto sought in vain for a manual of this special iadustry."—MecAaHicaii World. 

THE WATCH JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

100 Illustrations I/O 

" We strongly advise all young persons connected with the watch trade to acquire and study 
this inexpensive 'nox)t."—CUrkerfa/etl Chronicle. 

THE PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 
upwards of 100 Illustrations I/O 

" A most valuable, if not indispensable manual for the pattern msk.<it."—KnowUdg-e. 

THE MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing Information 
on various Handicraft Processes. With Useful Notes and Miscellaneous 

Memoranda. Comprising about 200 Subjects I/O 

"A very clever and useful book, which should be found in every workshop ; and it should 
certainly find a place in all technical sic\ioo)&." -Saturday Review. 

THE MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of 100 Illustrations i /O 

" Mr. Hasluck has produced a very good little hook."— Builder. 

THE CLOCK JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

xoo Illustrations . ". I/O 

" It is of inestimable service to those commencing the tXAAe."— Coventry Standard. 

THE CABINET MAKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 
employed in Cabinet Work. With upwards of 100 Illustrations . 'I/O 
"Mr. Hasluck's thorough-going little Handybook is amongst the most practical guides we 
have seen for bc^finners in cabmet-work."— Sirft^rflfciy Review. 

THE WOODWORKER'S HANDYBOOK OF MANUAL 

INSTRUCTION. 

Embracing Information on the Tools, Materials, Appliances and Processes 
Employed in Woodworking. With 104 Illustrations. . . . 'I/O 
Opinions op the Press. 
" Written by a man who knows, not only how work ought to be done, but how to do It, and 
how to convey his knowledge to othe^t^"— Engineering. 

" Mr. Hasluck writes admirably, and gives complete itiSXx\xc\AoDS."— Engineer. 
—I JI *1'' M^sluck combines the experience of a practical teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the manuals are marveb of what 
can be produced at a popular price."Schoolmaster. ^ ^T ^ 

. Helpful to workmen of all ages and degrees of experience."— Z>atYy Chrona0QlC 
Practical, sensible, and remarkably cheap."— ^ouma^ q^ Education. O 

Concise, clear, and pncticaL"—SaA*rday Review. 
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COMMERCE, COUNTING-HOUSE WORK, 
TABLES, &c. 



LES50N5 IN COMMERCE. 

By Professor R.^ Gambaro, of th« Royal High Commercial School at Genoa. 

Edited and Revised by Jambs Gault, Professor of Commerce and Commercial 

Law in King's College, London. Fourth Edition. Crown 8vo, cloth . 3/6 

" The publishers of this work liave rendered considerable service to the cause of commercial 

education by the opportune production of this volume. . . . The work is peculiarly acceptable to 

En^tsh readers and an admirable addition to existing class books. In a phrase, we think the work 

attams its object in furnishing' a brief account of those laws and customs of British trade with which 

the commercial man interested therein should be familiar."— CAom^^gr of Commerce ^oumaL 

" An invaluable guide in the hands of those who are preparing for a commercial career, and, 
in £>ct, the information it contains on matters of business should be impressed on every one."— 
Counting; House, 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corresp>ondence in Five Languages — English, 
French, German, Italian, and Spanish. By Conrad E. Baker. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth. 

[Just Published. 4/6 

" Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do 

better than study this work, the materials of which are excellent and conveniently arranged. They 

consist not of entire specimen letters, but— what are fat more useful— short passages, sentences, or 

phrases expressing the same general idea in various iorTO&"—Atkefueufn, 

" A careful examination has convinced us that it is unusually complete, well arranged and 
reliable. The book is a thoroughly good one."— SchoolmasUr. 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details; the Income Tax Acts; the Rating of 
Factories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c, 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fells. Fourth Edition, Revised and Enlarged. 

Demy 8vo, 350 pp., strongly bound 6/0 

"A very interesting description of the requirements of Factory Accounts. . . . The principle 

of assimilating the Factory Accounts to the general commercial books is one which we thoroughly 

agree vnth."—j4cooun6xnts' journal. 

" Characterised by extreme thoroughness. There are few owners of factories who would not 

derive great benefit from the perusal of this most admirable work."— Laca/ Government ChroHtcle. 

MODERN METROLOGY. 

A Mantial of the Metrical Units and Systems of the present Centiury. With 
an Appendix containing a proposed English System. B^ Lowis D. A. 
Jackson, A. M. Inst. C. E., Author of " Aid to Survey Practice," &c. Large 

crown 8vo, cloth 1 2/6 

"We recommend the work to all interested in the practical reform of our weights and 
measures. "—Ais/Mnr. 

A SERIES OF METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 
of the Metric System at present in Use on the Continent. By C. H. Dowling, 

C.E. 8vo, strongly bound 10/6 

"Mr. Dowlii^s Tables are well put together as a ready reckoner for the conversion of one 
system into the o'tiig!t."—Athenaum. 

THE IRON AND METAL TRADES' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from is. per cwt. to zias. per cwt., and from one farthing per pound to 
one shilling per pound. By Thomas Downib. 396 pp., leather . . 9/0 

" A most useful set of tables, nothing like them before existed."— ^m^AA«v' News. 

" Although specially adapted to the iron and metal trades, the taUes will be found useful \v 
every other business in which merchandise is bought and sold by weight"— ^0«/w«> Nnos. 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

C(»itaining upwards of 250,000 Separate Calculations, showing at a Glance the 

Value at 433 Different Rates, ranging from ri^th of a Penn]^ to aos. each, or per 

cwt., and £90 per ton, of any number of articles consecutively, from z to 470. 

Any number of cwts., ars., and lbs., from i cwt. to 470 cwts. Any number of 

tons, cwts., qrs., and lbs., from z to z,ooo tons. By William Chadwick, 

Public Accountant. Third Edition, Revised. 8vo, strongly bound . 1 8/0 

" It is as easy of reference for any answer or any number of answers as a dictionary. For 

making: up accounts or estimates the book must prove mvaluable to all who have any considerate 

quantity of calculations involving: price and measure in any combination to 6.0."— Engineer. 

" The most perfect work of the kind yet ptvpamdu"—Giasgv7u Herald. 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at 
one Reference the exact Value of any Weight from z lb. to 15 tons, at 300 
Progressive Rates, from id. to z685. per cwt., and containing 186,000 Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will afford an aggregate of 10,366,000 
Answers ; the wnole being calculated and designed to ensure correctness and 
promote despatch. By Henry Harben, Accountant. Fifth Edition, carefially 
Corrected. Royal Svo, strongly half-bound £1 fig. 

" A practical and useful work of reference for men of bu^ess genenSHY"— Ironmonger. 

" Of^ priceless value to business men. It is a necessary book in all mercantile offices."— 
Sk^jfieU Ind^endenL 

THE DISCOUNT QUIDB. 

Comprising several Series of Tables for the Use of Merchants, Manufacturers, 
Ironmongers, and Others, by which maybe ascertained the Exact Profit arising 
from any mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required Profit after 
allowing one or more Discounts : to which are added Taoles of Profit or 
Advance from ij to 90 per cent., Tables of Discount from li to gSf per cent., 
and Tables of Commission, &c., from | to xo per cent. By Henry Harden, 
Accountant. New Eldition, Corrected. Demy Svo, half-bound . £1 Ss. 
" A book such as this can only be appreciated by business men, to whom the saving of time 

means saving of money. The work must prove of great value to merchants, manufacturers, and 

general XxidtK." —British Trade youmal. 

TABLES OF WAQE5. 

-^t 54, 53, 50 and 48 Hours per Week. Showing the Amounts of Wages from 
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages 
advancing by One Shilling from 45. to 555. per week. By Thos. Garbutt, 
Accountant. Square crown Svo, half-bound 6/0 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from 
I foot by 6 in. by i in. to 10 feet by 5 feet by 1 in. Worked out on the Basis of 
40 lbs. to the square foot of Iron of i inch in thickness. By H. Burunson 
and W. H. Simpson. 410, half-bound £1 6«. 

MATHEMATICAL TABLES (ACTUARIAL). 

Comprising Commutation and Conversion Tables, Logarithms, Cologarithms, 
Antilogarithms and Reciprocals. By J. W. Gordon. Royal 8vo, mounted 
on canvas, in cloth ca.se. [J^t Published. 5/0 
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GARDENING, &c. 



THE COMPLETE QRAZIER AND FARMER'S AND 

CATTLB BRBBDBR'S ASSISTANT. 

A Compendium of Husbandry. Originally Written by William Youatt. 
Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought 
u^ to Present Requirements, by William Frkam, LL.D., Assistant Com- 
missioner, Royal Commission on Agriculture, 1893, Author of " The Elements 
of Agriculture," &c. Royal 8vo, z,ioo pp., with over 450 Illustrations, 
handsomely bound. [Just Published. £1 lis. 60. 

SUMMARY OF CONTENTS. 



BOOK I. ON THE Varieties, Breeding, 
Rearing, Fattening and manage- 
ment OF Cattle. 

Book II. On the Economy and Man- 
agement OF THE Dairy. 

Book III. On the breeding. Rearing, 
AND Management of horses. 

Book iv. on the Breeding, Rearing, 
AND Fattening of Sheep. 

Book v. on the Breeding, Rearing. 
AND Fattening of Swine. 

Book vi. on the Diseases of live 

STOCK. 



Book vil. on the Breeding, Rearing. 

AND Management of poultry. 
Book VIII. on farm Offices and 

Implements of husbandry. 
Book IX. On the culture and Man- 

AGEMBNT OF GRASS LANDS. 

Book X. on the cultivation and 
application of grasses, pulse and 
Roots. 

Book xi. on Manures and their 
Application to Grass Land and 

CROPS. 

Book Xll. Monthly Calendars of 
Farmwork. 

*»* Opinions of the Press on thb New Edition. 

" Dr. Fream Is to be congratulated on tbe successful attempt he has made to giTe us a work 
which will at once become tbe standard classic of the fiann practice of the country. We believe 
that it will be found that it has no compeer among the many works at present in existence. . . . 
The illustrations are admirable, while the frontispiece, which represents the well-known bull. 
New Year's Gift, owned by the Queen, is a work of art."— The Times. 

"The book must be recognised as occupying the proud position of the most exhaustive work 
of reference in the English language on the subject with which it deals."—AtheHaum. 

"The most comprehensive guide to modem farm practice that exists in the English language 
to-day. . . . The book is one that ought to be on every farm and in the librairy of every land 
owner."— AfarJk Line Excess. 

" In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and 
unique position among books dealing with scientific agricultural practice. It is, in fact, an agricul- 
tural library of itself. '^Mw^ British Agriculturist. 

" A compendium of authoritative and well-ordered knowledge on every conceivaUe branch of 
the work of the live stock fanner; probably without an equal in this or any other country."— 
Yorkshire Post. 

FARM LIVE 5T0CK OF GREAT BRITAIN. 

By Robert Wallace, F.L.S., F.R.S.E.. &c., Professor of Agriculture and 

Rural Economy in the University of Edinburgh. Third Edition, thorouehly 

Revised and considerably Enlarged. With over zao Phototypes of Prize 

Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . . 1 2/6 

"A really complete work on the history, breeds, and management of the farm stock of Great 

Britain, and one which is likely to find its vray to the shelves of every country gentleman's library." 

—The Times. 

" The latest edition of * Farm Live Stock of Great Britain ' is a production to be proud of, and 
its issue not the least of the services which its author has rendered to agricultural science."— 
Scottish Farmer. 

"The book is very attractive, . . . and we can scarcely imagine the existence of a 
farmer who would not like to have a copy of this beautiful and useful work. —Marh Lane Express. 

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES 

FOR FARMERS AND FARM STUDBNTS. 

By Primrosb McConnell, B.Sc., Fellow of the Highland and Agricultural 

Society, Author of " Elements of Fanning." Sixth Edition, Re-written, Revised, 

and greatly Enlarged. Fcap. Bvo, 480 pp., leather, i/ust Publisfud, SfO 

Summary of Contents : Surveying and ubvhlling. — weights and 

Measures. — Machinery and Buildings. — Labour. — operations. — Draining. — 

Embanking.— Geological Memoranda.- Soils.— Manures.— Cropping.— Crops.— 

Rotations. — Weeds.— Feeding. — Dairying.— Live Stock. — horses. — Cattle.— 

Sheep.— Pigs.— Poultry.— Forestry.— horticulture.— Miscellaneous. 

" No farmer, and certainly no agricultural student, ought to be without this muitum-in-fiano 
d of all subjects connected with the fsirxa."— North British Agriculturist, 
" This little pocket-book contains a large amount of useful information upon all kinds of agri- 
cultural subjects. Something of the kind has long been wanted."— Alar>fc Lane Express. 

"The amount of information it contains is most surprising ; the arrangement of the matter is 
so methodical— although so compressed— as to be intelllglbte to everyone who takes a^jaric^ through 
its pages. They teem with informatloa."— ^afwt emd Borne. ' ^Cli 
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BRITISH DAIRYING. 

A Hand^ Volame on the Work of the Dairy* Farm. For the Use of Technical 
Instraction Classes, Students in Agricultural Colleges and the Working Dairy- 
Farmer. By Prof. J. P. Sheldon. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth. [Just Published, ^IB 

" Confidently recommended as a useful text-book on dairy faxmbig."—AgTiculiurtt/ GoMette. 

" Probably the best half-crown manual on dairy work that has yet been produced. "-^yV«r<% 
British AgrtcuUurist. 

" It IS the soundest little work we have yet seen on the subject."— 7^ Times. 

MILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By John Oliver, late Principal of the Western Dauy Institute, 
Berkeley. With Coloured Plates and aoo Illustrations. Crown 8vo, cloth. 

7/6 

" An exhaustive and masterlv production. It may be cordially recommended to all students 
and practitioners of dairy scvexice.— North British Agricuiturist. 

" We recommend this very comprehensiye and carefiilly-writtai book to dairy-fianners and 
students of dairying. It is a distinct acquisition to the library of the agriculturist —Agriatlturttl 
Gajtette. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 
Practice for Small Farmers. By R. Scott Burn, Author of " Outlines of 

Modern Farming," &c. Crown 8vo, cloth 6/0 ■ 

" This is the completest book of its class we have seen, and one which every amateur former 
will read with pleasure, and accept as a gynAR."— Field. 

OUTLINES OF MODERN FARMING. 

By R. Scott Burn. Soils, Manures, and Crops—Farming and Farming 
Economy— Cattle^ Sheep, and Horses — Management of Dairy^ Pigs, and 
Poultry— Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One 
Vol., 1,250 pp., half-bound, profusely Illustrated 1 2/0 

FARM ENGINEERING, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences and Gates ; Farm Buildings ; Barn Implements and Machines ; 
Field Implements and Machines ; Agricultural Surveying, &c. By Professor 
John Scott. In One Vol., 1,150 pp., half-bound, with over 600 Illustrations. 

12/0 

" Written with gjeat care, as well as with knowledge and ability. The author has done his 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students. "-~i1far>fc Lane Express. 

THE FIELDS OF GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clements (Board of Trade). Second Edition, Revised, with Additions. 

i8mo, cloth 2/6 

" It is a long time since we have seen a book which has pleased us more, or which contains 
such a vcist and useful fund oi)aioyr\tiAge."—Eduattional Times. 

TABLES and MEMORANDA for FARMERS, GRAZIER5, 

AGRICULTURAL 5TUDENT5, SURVEYORS. LAND AQBNT5, 
AUCTIONEERS, Ac. 

With a New System of Farm Book-keeping. By Sidney Francis. Fifth 
Edition. 272 pp., waistcoat-pocket size, limp leather . . . • 1 /6 



" Weighing less than i oz., and occupvingno more space than a match-box, It contains an 
of facts ana calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of 



the tables having been revised by Dr. Fream. We cordially recommend it."— BeWs JVeekly 
Messenger. 

THE ROTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LESSONS FOR FARMERS. 

Part L Stock. Part IL Crops. By C. J. R. Tipper. Crown 8vo, cloth. 

[Just Publish9d, 8/6 
" We have no doubt that the book will be welcomed by a large class of faimeis and othen 
mterested hi agriculture."— 5to«rfarrf. 
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FERTILISERS AND FEEDING STUFFS. 

A Handbook for the Practical Farmer. By Bernard Dyer, D.Sc. (Lond.)- 

With the Text of the Fertilisers and Feeding Stuffs Act of 1893, &c. Third 

Edition, Revised. Crown 8vo, cloth. [J uit Published. I/O 

"This little book is precisely what it professes to be— *A Handbook for the Practical 

Fanner.' Dr. Drer has done faxmeis good service in placing at their disposal so much useful 

infonnation in so mteUigible a {otm."—Th€ Times. 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, wrapper 1/0 

BOOK-KEEPING for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. 

Fourth Edition. Crown 8vo, cloth 2/6 

" The Yolume is a capital study of a most important sah^ecX."— Agricultural Gasettt. 

WOODMAN'S YEARLY FARM ACXOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, ancl Balance Sheet at the End of the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

Folio, half.bound I^Tet 7/6 

"Contains every requidte form for keeping farm accounts readily and accurately."— 
AgricuUurs. 

THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samuel Wood. Crown 8vo, cloth . 8/6 

" A good ISook, containing a great deal of Tahaable teaclang.*'—Gartlefurf' Magyurifu. 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. By S. Wood. Fourth 
EUlition, with considerable Additions, and numerous Illustrations. Crown 

8vo, cloth ^ 8/6 

** A very good book, and one to be highly recommended as a practical guide. The practical 
directions are excellent."— ^M«»Mrw«n. 

MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce ;£62o a year, by the Cultivation 
of Fruits and V^etables ; also. How to Grow Flowers in Three Glass Houses, 
so as to realise }&i76 per annum clear Profit. By Samuel Wood, Author of 
" Good Gardening,'' &c. Sixth Edition, Crown 8vo, sewed . '1/0 

" We are bound to recommend It as not only suited to the case of the amateur and gentle- 
man's gardener, but to the market grower."— Gardeners' MagaMine. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth . 8/6 
" Full of shrewd hints and useful instructions, based on a lifetime of vx^vnexux." Scotsman. 

POTATOES: HOW TO GROW AND 5H0W THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 8vo 2/0 

MARKET AND KITCHEN GARDENING. 

ByC.Vf.SKKW.laX^'E^lWfAGartUmngrTllustrated. Cloth . 8/6 

" The most valuable compenditin of kitchen and maricet-garden work published."— Ftfr^wr. 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, &c. 



INWOOD'S TABLES FOR PURCHASING ESTATES 
AND FOR THE VALUATION OP PROPBRTIBS, 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, ' 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds, 
&c., &c. 26th Edition, Revised and Extended by William Schooling, 
F.R.A.S., with Logarithms of Natural Numbers and Thoman's Logarithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. 

[Just Published. Net BIO 
" Those interested in the purchase and sale of estates, and in the adjustment of compensation 
cases, as well as in transactions in annuities, life insurances, &c., will nnd the present editiop of 
emkient service."— ^«F«M«n>V> 

"This valuable book has been considerably enlarj^ed and improved by the labours of 
Mr. Schoolingf, and is now very complete 'mde^A/'—Economist. 

" Altogether this edition will prove of extreme value to many classes of professional men in 
saving them many long and tedious calculations.''— /nz/«j-^rx' Review. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND ESTATE AGENT AND VALUER'S POCKET ASSISTANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &c. By 

^OHN Wheeler, Valuer, &c. Sixth Edition, Re-written and greatly Extended 
y C. NoRRis, Surveyor, Valuer, &c. Royal 32mo, cloth . . 5/O 

" A neat and concise book of reference, containing an admirable and clearly-arranged list of 
prices for inventories, and a very practical guide to determine the value of furniture, &c. "-Standard. 
" Contains a large quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property generally, with prices for 
inventories, and a guide to determine the value of interior fittings and other effects."— £m*/<^. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. ' By Robert 
Squibbs, Auctioneer. Second Edition, Revised and partly Re-written. Demy 

8vo, cloth 1 2/6 

" The standard text -book on the topics of which it XxtaX&."—Athenauni. 
" The work is one of general excellent character, and gives much information in a com- 
pendious and satisfactory form."— J?««ilrf«r. 

" May be recommended as giving a great deal of information on the law relating to 
auctioneers, in a very readable form. —Z.aw journal. 

" Auctioneers may be congratulated on havin^so pleasing a writer to minister to their special 
needs."—Soiicitors' youmal. 

THE AGRICULTURAL VALUER'S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates ; including 
Example of a Detailed Report on Management and Realisation; Forms of 
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses Acts. &c. By Tom Bright, Agricul- 
tural Valuer. Author of "The Agricultural Surveyor and Estate Agent's 
Handbook." Fourth Edition, with Appendix containing a Digest of the 
Agricultural Holdings Acts, 1883 and 1900. Crown Svo, cloth. 

[Just Published. Net 6/0 
" Full of tables and examples in connection with the valuation of tenant-right, estates, labour, 
contents and weights of timber, and farm produce of all kinds." — Agricultural Gazette. 

" An eminently practical handbook, full of practical tables and data of undoubted interest and 
value to surveyors and auctioneers in pre[>aring valuations of all lands."— Farmer. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
Svo, cloth 3/6 

!'.I? l^**"f"; fofestere and agents it will be a welcome aid."— JV<>rth British Agriculturist, 
Well calculated to assist the valuer in the discharge of his duties, and of undoubted interest 
and use both to surveyors and auctfoneers in preparing valuations of afl kind.*."— ATw/ Herald. 
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AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 
HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Surveyor and Valuer, Author of "The Agri- 
cultural Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

l/ust Published, Net 7/6 
" An exceedingly useful book, the contents of which are admirably chosen. The classes for 
whom the work is intended will find it convenient to have this comprehensive handbook accessible 
for reference." — Live Stock youmal. 

" It is a singularly compact and well informed compendium of the facts and figures likely to 
be required in estate work, and is certain to prove of much service to those to whom it is 
addressed. "Scotsman. 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure, &c. By R. Hudson, C.E. New Edition. 

ROyal 32mo, leather, elastic band 4-/0 

"Of incalculable value to the country gentleman and professional man. "—Farmers' journal. 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising FormuUe, Tables, and Memoranda required in any Computation 
relatmg to the Permanent Improvement of Landed Property. By John Kwart, 
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4-/0 
" A compendious and handy little yolvaae."—Sp€ctator» 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6 

HANDBOOK OF HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Mortgage, Tenancy, and 
Compulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use of Decorative Art. By E. L. Tarbuck, Architect and Surveyor. 
Sixth Edition. i2mo, cloth 6/0 

" The advice is thoroughly practical."— Zaw journal. 

" For all who have dealings with house property, this is an Indispensable gaide."— Decoration. 

" Carefully brought up to date, and much improved by the addition of a division on Fine 
Art A well- written and thoughtful vrork."—LaMd Agents Record. 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 
B. Mackie, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 
" This invaluable guide to journalism is a work which all aspirants to a journalistic career will 
read with advantage."— y<9Mma/»f A 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways^ Gas and Water Works, &c. 
By L. Livingstone Macassey, of the Middle Temple, Barrister-at-Law, 
M. Inst. C.E. 8vo, cloth £1 5s. 

PATENTS for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth '1/6 

CONCILIATION & ARBITRATION in LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question ar Home and Abroad. By J. S. Jeans, Author of *' Engl?"d's 
Supremacy," &c. Crown 8vo, aoo pp doth . 5^^,,., ,yGoOgI 2/6 
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EVERY MAN'S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Concise 
Dictionary of Legal Terms. By A Barrister. Thirty-ninth Edition, 
carefully Revised, and including New Acts of Parliament of 1901. Com- 
jwising the Youthful Offenders Act, igoi ; the Larceny Act, iQOi ; the 
Intoxicating Liquors Act, igoi ; the Factory and Workshop Act, igoi, and 
other enactments of the year. Judicial Decisions during the year have also 
been duly noted. Crown 8vo, 800 pp., strongly bound m cloth. 

\J^i Published. 6/8 

*♦* This Standard Work of Reference forms a Complete Epitome op the 
Laws or England, comprising (amongst other matter) ; 

THE Rights and wrongs of Individuals— Landlord and tenant— Vendors 
AND Purchasers— Leases and Mortgages— principal and Agent- Partnership 
AND COMPANIES— Masters, Servants and workmen— contracts and Agreements 
—borrowers. Lenders and sureties— Sale and purchase op Goods— Cheques, 
Bills and Notes— Bills of Sale— Bankruptcy— Railway and shipping Law- 
Life, Fire, and Marine Insurance— Accident and Fidelity Insurance— Criminal 
Law— parliamentary Elections— County Councils— District Councils— Parish 
Councils— MUNICIPAL corporations— Libel and Slander— public Health and 
Nuisances— Copyright, patents, Trade Marks— Husband and Wipe— Divorce— 

infancy— CUSTODY OP CHILDREN— TRUSTEES AND EXECUTORS— CLERGY, CHURCH- 
WARDENS, &c.— Game Laws and sporting— Innkeepers— Horses and Dogs— Taxes 

AND DEATH DUTIES— FORMS OF AGREEMENTS, WILLS, CODICILS, NOTICES, &C. 

HP The object 0/ this work is to enable those -who consult it to help themselves to the 
law : and thereby to dispense, as far a^ possible, v/ith professional assistance and advice. There 
are many wrongs and grievances which persons submit to from time to time through no* 
jknovnng how or where to apply for redress.- and many persons have as great a dread of a 
lawyer's office as of a lion's den. With this book at hand it is believed that many a SlX-AND- 
ElGHTPENCB may be saved; many a wrong redressed; many a right reclaimed; many a law 
suit avoided; and many an evil abated. The work has establishea itself as the standard legal 
adviser of all classes, and has also macU a r^utoHonfor itself as a useful book of referencefor 
lawyers residing at a distance from law libraries, who are glad to have at hand a work 
embodying recent decisions and enactments. 

Opinions op thb Prbss. 

" It is a complete code of English Law written in plain language, which all can understand. 

. . . Should be in the hsnds of every business man, and all who wish to abolish lawyers bills. "— 
H^eekly Times. 

" A useful and concise epitome of the law, compiled with conriderable care. "—Law Magaieine. 

" A complete digest of the most useful facts which constitute English la.w."— Globe. 

"This excellent handbook. . . . Admirably done, admirably arranged, and admirably 
choap." — Leeds Mercury. 

" A concise, cheap, and complete epitome of the English law. So plainly written that he who 
runs may read, and he who reads may understand. " — Figaro. 

" A dictionary of legal facts well put together. The book is a very useful im»."—Spectutor. 

THE PAWNBROKER'S, FACTOR'S, AND MERCHANT'S 
OUIDB TO THE LAW OP LOAN5 AND PLBDOBS. 

With the Statutes and a Digest of Cases. By H. C Folkard, 6arrister-at- 
Law. Cloth 3/6 

LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttley, 
Solicitor. Fcap. 8vo, cloth 3/6 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 

(1878- 1891). For the Use of Manufacturers and Managers. By Emile 
Garcke and J. M. Fells. (Reprinted from "Factory Accounts.") 
Crown 8vo, sewed ^. • T . 60. 

Digitized by VnOOglC 

BRADBURY, AGNEW, & CO. LD., PRINTERS, LONDON AND TONBRIDGE. 



WEALE'S SCIENTIFIC A TECHNICAL SERIES. 



MATHEMATICS, ARITHMETIC, &c. 

Geometry, Descriptive. J. 7. Hbathxb . • s/- 

Practical Plane Geometry. J. V. Hxathxb. . . s/- 

Analytical Geometry. J. Ha2W & J. B. Tottvg. . 2/- 

Geometry. Part I. (Euclid, Bks. I.— III.) H. Law 1/6 
Part II. (Euclid, Books IV., V., VI., XI„ 

XIL). H. Law 1/6 

Geometry, in i toI. (Euclid's Elements) . . • . a/6 
Plane Trigonometry. J. HAmr . . • .1/6 

Spherical Trigonometry. J. Hakk . . • . i/- 

The above 2 vols., bound together . . . .2/6 

Differential Calculus. W. S. B. Woolhottss . . ijS 

Integral Calculus. H. Oox 1/6 

Integral Calculus. J. Hahv i/- 

Algebra. J. Haddon 2/- 

Key to ditto ......... 1/6 

Boolc-lceeping. J. Haddok .. ... 1/6 

Arithmetic. J. R. Totjko 1/6 

Key to ditto 1/6 

Equational Arithmetic. W. Hifslit . . . . 1/6 

Arithmetic. J. Haddon 1/6 

Key to ditto 1/6 

Mathematical Instruments. Hxathbb & Wal viblit 2/- 

Drawing & Measuring Instruments. J. V. Hbathbb 1/6 
Optical Instruments. J. V. Hbathkb .1/6 
Surveying ft Astronomical Instruments. J. F. 

Hbathsk 1/5 

The above 3 vols., bound together .... 4/6 

Mensuration and Measuring. T. BAxm . . . 1/6 

Slide Rule, & How to Use It 0. Hoaxx . 2/6 

Measures, Weights, & Moneys. W. S. B. WooLHorsi 2/6 

Logarithms, Treatise on, with Tables. H. Law . 3/- 

Compound Interest and Annuities. V. Thoican . 4/- 

Compendious Calculator. D. O'Qobmait . a/6 

Mathematics. F. OAicpnr ... 3/. 

Astronomy. R. Main k W. T. Lynn . • «/- 

Statics and Dynamics. T. Bakbb . . 1/6 
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BUILDING & ARCHITECTURB--eonid 

Architecture, Orders. W. H. Leeds . 
Architecture, Styles. T. T. Buby . 

The above 2 vols., bonnd together 
Architecture, Pesign. E. L. Gabbett 

The above 3 vols., bound together 
Architectural Modelling. T. A. Biohardson 
Vitruvius' Architecture. J. Gwilt 
Grecian Architecture. Lord Abebdbsn 

The above 2 vols., bound together • 



PINE ARTS. 

of Painters. P. Dastl 



1/6 
2/- 
3/6 
2/6 
6/- 
1/6 

5/- 

t 




dC38l3 



THE UNIVERSITY OF CALIFORNIA UBRARY 




11.' VfrihcfD 



_ RIHifSIVfhg. 
House Decoration. J. W. Paget. 
Letter-Painting Made Easy. J. 6. Badbnooh. 
Boot and Shoemaking. J. B. Lbno . 
Mechanical Dentistry. C. Hvntbb . . 
Wood Engraving. W. N. Bbown. 
Laundry Management 



5/- 
1/6 

2/- 
3/- 
1/6 

2/- 



CROSBY LOCKWOOD & SON, 7. Stationere' HaH Court. E.C. 
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